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PREFACE 


In  1955,  a map  titled  “World  Weather  Extremes”  was  prepared  by  the  Cartography 
Branch  of  the  Environmental  Protection  Research  Division,  Quartermaster  Research  and 
Engineering  On  ter,  Natick,  Massachusetts,  for  distribution  to  visitors  and  other  interest* 
ed  persons,  This  map  showed  the  location  of  certain  meteorological  extremes  which  had 
been  recorded  in  climatological  publications.  In  subsequent  years  the  map  was  periodi- 
cally revised  as  new  records  came  to  light  and  the  number  of  requests  for  it  increased. 

It  has  been  reprinted  in  a number  of  publications,  l)oth  military  and  civilian,  and  has 
been  widely  used  for  instruction  and  display  purposes. 

In  1969,  a need  for  an  updated  map  and  some  discussion  of  the  records  shown 
appeared  in  the  Earth  Sciences  Laboratory  at  Natick  in  connection  with  a revision  of 
Military  Standard  210A,  “Climatic  Extremes  for  Military  Equipment.”  Natick  Labora- 
tories had  been  assigned  responsibility  for  certain  portions  of  the  standard.  As  an  indi- 
cation of  the  most  extreme  climatic  conditions  that  have  been  recorded  in  various  parts 
of  the  earth,  the  map  gives  an  approximation  of  the  absolute  limits  within  which  design 
criteria  must  be  established. 

In  addition  to  the  revised  map  of  world  weather  extremes,  a new  map  showing 
extremes  in  North  America  was  added  and  tin*  sources  for  records  on  both  maps  were 
reviewed  and  documented.  When  controversial  records  were  included,  the  arguments 
for  and  against  their  acceptance  wen'  examined  and  summarized  in  the  text.  For  many 
of  the  records,  the  text  included  such  information  as  the  conditions  during  occurrence 
of  the  extremes  problems  of  measuring  or  recording  them,  and  the  kinds  of  investiga- 
tions carried  out  by  the  U.  S.  Weather  Bureau  Indore  they  were  accepted.  Thus,  for  t\\^ 
first  time  a map  of  extreme  weather  occurrences  was  presented  together  with  full  docu- 
mentation of  the  sources  of  the  records  and  references  to  pertinent  comments  in  the 
technical  literature. 

Weather  records  continue  to  be  broken  aird  die  maps  and  text  again  have  been  up- 
dated. hi  addition,  some  further  background  material  has  been  included  and  some 
changes  have  been  made  to  improve  textual  clarity.  This  work  has  been  carried  out  in 
the  Environmental  Criteria  Branch  of  the  Engineer  Topographic  Laboratories  at  Fort 
Belvoir,  Virginia,  which  is  the  successor  organization  to  the  former  Earth  Sciences  Labo- 
ratory at  Natick. 

/ 

Valuable  advice  and  information  were  received  from  Dr.  M.  A.  Arkin,  Environmental 
Data  Service,  National  Oceanic  and  Atmospheric  Administration  (ISOAA)  for  both  this 
revision  and  the  original  report.  His  assistance  is  acknowledged  with  appreciation.  The 
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under  the  direction  of  Aubrey  Creenwald,  Jr.,  Chief  of  the  Cartography  Office,  Earth 
Sciences  Laboratory.  It  has  been  reproduced,  with  the  necessary  updating  for  this 
report,  by  SP-4  Richard  Vail  under  the  direction  of  James  Smith  of  the  Topographic 
Products  Development  Branch  of  Engineer  Topographic  Laboratories.  Their  assistance 
and  suggestions  are  appreciated  as  are  the  suggestions  made  for  printing  the  records  by 
categories  on  the  reverse  of  the  map  sheets  by  Dr.  William  Robison  and  for  setting  up 
coordinates  for  locating  the  places  of  occurrence  of  the  records  on  the  world  map  by 
Ms  Jane  Kroll,  both  of  the  Engineer  Topographic  Laboratories. 
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I.  INTRODUCTION 

1.  Subject.  The  world  map  and  the  map  of  North  America  were  prepared  pri* 
marily  as  aids  in  specifying  extreme  climatic  conditions  for  design  of  military  equipment. 
The  two  maps  together  contain  approximately  100  records.  The  categories  of  extremes 
indicated  in  MIL-STD  21 0A  were  kept  in  mind  in  the  selection  of  records,  but  selection 
was  not  limited  to  these  categories.  This  report  is  primarily  intended  to  review  the 
validity  of  the  records.  A listing  of  the  records,  with  documentation  of  their  sources, 

is  followed  by  a commentary  on  their  reliability. 

The  representativeness  and  significance  of  weather  records  in  general  arc  com- 
mented upon,  and  for  each  of  the  main  elements,  certain  factors  bearing  on  reliability 
arc  noted.  Among  these  are  measuring  instruments  ami  problems,  environmental  condi- 
tions which  favor  occurrence  of  extremes,  theoretical  limits  of  occurrence,  and  the  geo- 
graphical areas  and  seasons  in  which  the  probability  of  extremes  is  greatest.  Following 
this  general  treatment,  pertinent  information  is  given  about  individual  records  and  their 
documentation.  There  is  much  information  available  about  some  of  the  extremes, 
especially  controversial  ones,  but  little  or  nothing  about  others.  Similarly,  records  arc 
more  easily  available  to  us  for  the  United  States  and  Canada  than  for  other  countries. 

To  make  room  for  showing  these  records,  and  because  Americans  would  be  especially 
interested  in  records  of  their  own  continent,  the  North  America  map  has  been  included. 

In  addition  to  documenting  each  of  the  records,  we  have  coordinated  them, 
where  possible,  with  determinations  of  the  Environmental  Data  Service  (EDS)  part  of 
the  U.S.  NOAA.  In  the  United  States,  EDS  is  responsible  for  archiving  and  disseminating 
weather  data,  and  in  line  with  these  functions  it  validates  extreme  occurrences,  both  at 
home  and  abroad.1  Other  countries  follow  a similar  policy,  but  there  is.  as  yet,  no  world 
agency  that  determines  and  establishes  a register  of  weather  extremes.  As  a result,  a given 
record  might  be  accepted  by  EDS  but  not  by  its  equivalent  agency  in  some  other  country. 

2.  Documentation.  To  facilitate  finding  tin*  extremes  for  a particular  element, 
tin*  records  are*  listed,  with  documentation,  by  elements  (see  the  Table,  pages  7-15). 
Records  for  each  element  arc  arranged  in  order  of  decreasing  extremity  beginning  with 
the  world's  record  if  accepted  as  such. 


\1,  A.  Ark  in.  Chief,  foreign  Itranch.  Kiivironmcnlal  Data  Service,  V,  S.  Knvirnnmenlal  Science  Services  Administra- 
tion. letter  dated  10  Sep  69. 
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LOC  ATION  OF  WEATHER  EXTREMES  BY  ELEMENT  - WORLD  MAP 


I.  TEMPERATURE 
A.  High 


World:  El  Azuia,  Libya  B7 
W.  Hemisphere:  Death  V alley,  California  B3 
Asia:  Tirar  Tsvi,  Israel  BS 
Australia:  Cloncurry,  Queensland  Dll 
Europe:  Seville,  Spain  B6 
S.  America:  Rivadavia,  Argentina  D5 
Antarctica:  Esperanra,  Antarctic  Peninsula  F5 
Sea  surface:  Persian  Gulf  C8 
Annual  mean : Dallol,  Ethiopia  C8 

Hottest  summers  in  W.  Hemisphere:  Death  Valley,  California  B3 
Long  hot  spell:  Marble  Bar,  W'.  Australia  DIO 


B.  Low 


World:  Vostofc,  Antarctica  FlO 

N.  Hemisphere:  Verkhoyansk  6 Oimekon,  U.S.S.R.  All 
Greenland:  Northice  A5 

N*  America  (excluding  Greenland):  Snag,  Yukon  Territory  A2 

Europe:  Ust  ’Shchugor,  U.S.S.R.  B8 

S.  America:  Sarmiento,  Argentina  E4 

Africa:  Ifrane,  Morocco  B6 

Australia:  Charlotte  Pass,  New  South  Wales  Ell 

Monthly  and  annual  means:  Plateau  Station,  Antarctica  F8 

C.  Variations 

Difference  between  high  and  low:  Verkhoyansk,  U.S.S.R.  All 
Mean  annual  range:  Eastern  Sayan  Region  of  U.S.S.R.  BIO 
Largest  2-mmute  rise  in  II. S.:  Spearfish,  South  Dakota  B3 
Instantaneous  rise:  Edinburgh,  Scotland  B6 
Largest  24-hour  fall  in  II. S.:  Browning,  Montana  B3 


C.  Least  precip 

N umbel 

D.  Low  Average 

World: 
Ajrica: 
N.  Am< 
Asia: 
Austra 
E uropt 

E.  Variability  o 

Avera$ 

Relatii 

Relatij 

F.  Hailstones 

LargeJ 

G.  G^eat  Snowfii 

24-ho> 
19-hoi 
One  si 
One  s< 

III.  OTHER  ELEMENT 
A.  Thunderstori 


II.  PRECIPITATION 

A.  Great  Rainfall  Amounts 

One-minute,  World:  Umonville,  Maryland  B4 
20-minute,  World:  Curtea-de-Arges,  Romania  B7 
42-mir:ute,  World:  Holt,  Missouri  B3 
12-hour,  World:  Belouve,  La  Rtunion  I.  D8 
24-hourt  Would:  Cilaos,  La  Reunion  I.  D8 
24-hourt  N.  Hemisphere;  Paishih,  Taiwan  Cll 
24-hour:  Dharampuri,  India  C9 
24-hourt  Australia:  Crohamhurst,  Queensland  DI2 
5-day,  World:  Cilaos,  La  Rtumon  I.  D8 
One  month,  W'orld;  Cherrapunji,  India  CIO 
I 2-months,  World:  Cherrapunji,  India  CIO 
12-months,  U.S.:  M t.  Waialeale,  Kauai,  llauaii  Cl 

B.  Great  Average  Yearly  precipitation 

World;  Mt.  Waialeale,  Kauai,  Hawaii  Cl 

Asia:  Cherrapunji,  India  CIO 

Africa:  Dtbundscha,  Cameroon  C7 

S.  America:  Quibdo,  Colombia  C4 

N.  America:  Henderson  Lake,  British  Columbia  B2 

Europe:  Crk'ice,  Yugoslavia  B7 

Australia:  7 ully,  Queensland  Dll 

Average  number  of  days  with  rain  per  year:  Bahia  Felix,  Chile  E4 


Avera; 
Aver  a 

B.  Sea-Level  / 

Highe 

Lowei 

C.  Solar  Radial 

Avera 
One- 1 

D.  Wind  Speed 

Peak 
Peak 
Peak 
5-mi 
24— h 
Mean 
Days 

E.  Dew  Point 

Mean 


XTREMES  BY  ELEMENT  - WORLD  MAP 


C.  Least  Precipitation 

Number  0/  years  without  ram  Arica,  Chile  I'M 

D.  Low  Average  Yearly  Precipitation 

World:  Arica,  Chile  1)4 
Africa-  W'adi  Hal/a,  Sudan  C8 
N.  America;  Bataques,  Mexico  B3 
Asia;  Aden,  South  Yemen  C8 
Australia;  Mulka,  South  Australia  Dl  I 
Europe:  Astrakhan,  ll.S.S.R.  B8 

E.  Variability  of  Precipitation 

Average  variability;  Debundscha,  Cameroon  (7 
Reli  tive  variability:  Themed,  Israel  B8 
Relative  variability  (1935-38):  Lhasa,  Tibet  CIO 

F.  Hailstones 

Largest,  U.S.;  CoffeyviIIe,  Kansas  B3 

G.  Great  Snowfall  Amounts 

24-hour , N.  America;  Silver  Lake,  ( oforado  B3 
J9-hour;  Bessans,  France  B7 

One  storm,  N.  America:  Mt.  Shasta  Ski  Bowl,  California  B 2 

One  season,  N.  America;  Rainier  Paradise  Ranger  Station,  Washington  132 

III.  OTHER  ELEMENTS 

A.  Thunderstorms 

Average  number  of  thunderstorm  days  per  year;  Kampala,  Uganda  ( 8 
Average  number  of  thunderstorm  days,  1916—1919;  Bogor,  Indonesia  DIO 

B.  Sea-Level  Air  Pressure 

Highest,  World;  A gat  a,  U.S.S.R.  All) 

Lowest,  World:  estimated  at  19°  N,  1 35*  L,  IT  1 

C.  Solar  Radiation 

Average  daily  December:  South  Pole,  Antarctica  L6  Fr  7 
One-hour:  Malange,  Angola  D7 

D.  Wind  Speed 

Peak  gust,  World:  Mt.  Washington,  New  Hampshire  B4 
Peak  gust,  Thule  Air  Base,  Greenland  \4 
Peak  gust,  Miyakojima  I.,  Ryukyu  Islands  ( || 

5-minute,  World:  Mt.  Washington,  New  Hampshire  B4 

24-hour  mean;  Port  Martin,  Antarctica  III 

Mean  monthly:  Port  Martin,  Antarctica  I II 

Days  with  hurricane  force  winds:  Port  Martin,  Xntarctica  FT  I 

E.  Dew  Point 

Mean  afternoon,  in  June:  Assab,  Ethiopia  (8 
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U.s.  highest  annual  mean,  77°F,  Key  West,  Florida  M.  A.  Arkin,  Chief,  Foreign  Branch,  Environmental  Data  Service.  < 

Environmental  Science  Services  Administration,  correspondence  dated 
6 October  1969. 
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ability,  Archivfur  tfelfwo/opie,  Geaphyu i 
Vol.  k pp,  103-107,  1950. 
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II.  COMMENTARY  ON  RELIABILITY  OF  THE  RECORDS 

To  insure  comparability  of  meteorological  observations,  various  regulations  concern- 
ing site,  instrumentation,  and  procedure  have  been  established  by  the  World  Meteorologi- 
cal Organization.2  Observations  taken  in  accordance  with  these  regulations,  over  which 
some  sort  of  quality  control  is  exercised  to  correct  observational  errors  that  might  appear, 
would  be  accepted  by  the  national  meteorological  agencies.3  Also,  for  highest  or  lowest 
average  records,  the  period  of  observation  should  be  long  enough  to  be  representative. 
However,  even  after  records  have  been  accepted  by  appropriate  agencies,  their  reliability 
is  still  sometimes  questioned. 

Ail  extreme  phenomenon  observed  and  recorded  in  conformance  with  prescribed 
procedures  and  accepted  by  the  appropriate  meteorological  service  represents  only  the 
most  extreme  acceptable  record  that  is  available.  It  is  not  necessarily  — or  even  probably  - 
the  most  extreme  value  that  could  occur  or  ever  has  occurred.  According  to  M.  A.  Arkin, 

“ . . . record  extremes  must  be  taken  with  a grain  of  salt . . . . ”4  He  explains  that  news 
of  an  extreme  weather  occurrence  is  not  always  widely  disseminated,  meteorological 
records  are  relatively  short,  stations  arc  very  few,  and  “ . . . even  the  densest  network  of 
stations  provider  only  a very  small  sample  of  the  weather  . . . . M To  this  it  can  be  added 
that  records  may  be  established  which  the  observers  do  not  recognize  as  records,  and 
sometimes  suspected  records  are  not  verified  because  of  difficulties  in  validating. 

3.  Temperature.  Air  temperatures  are  measured  at  standard  heights  varying  in 
different  countries  from  4 to  6 feet  above  ground  level.  The  values  obtained  can  be 
affected  by  radiation  from  the  sun,  sky,  earth,  and  other  surrounding  objects,  and  pre- 
cautions need  to  lie  taken  to  protect  the  measuring  instruments  from  radiation  hi  addi- 
tion, adequate  ventilation  must  be  provided  to  insure  representation  of  the  circulating 
air.  In  addition  to  these  requirements  concerning  height,  radiation  protection,  and 
ventilation,  there  are  requirements  pertinent  to  construction  and  accuracy  (manufactur- 
ing tolerance)  of  the  measuring  instruments. 

Daily  maximum  and  minimum  temperatures  an*  recorded  at  more  than  10.000 
weather  stedhm*  throughout  tin1  world.5  Maximum  and  minimum  IbcrroomeleT*  which 
stay  at  the  highest  or  lowest  point,  respectively,  readied  during  the  reading  p *riod  are 
used  to  record  these  temperatures.  Maximum  thermometers  are  generally  of  (he  mercury- 
in-glass  type.  But  since  mercury  freezes  at  about  *32°F.  minimum  thermoineteis  roittain 
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other  liquids  such  as  ethyl  alcohol ; these  are  commonly  called  spirit  thermometers  be- 
cause of  the  type  of  liquids  used. 

Besides  the  absolute  maximum  and  minimum  temperatures  ever  recorded  in 
an  area,  several  other  kinds  of  extreme  temperature  records  can  be  of  interest.  Among 
these  are  the  highest  and  lowest  mean  daily,  monthly,  or  yearly  temperatures;  the  high- 
est and  lowest  mean  daily,  monthly,  or  yearly  maximum  and  minimum  temperatures; 
the  longest  durations  of  very  high  or  very  low  temperatures;  the  greatest  variations  in  a 
given  period  (e.g.,  between  summer  and  w inter,  day  and  night);  and  the  fastest  rises 
and  falls  in  temperature  during  short  periods  of  time. 

a.  High  Temperatures.  Factors  favorable  to  occurrence  of  very  high  tem- 
peratures have  been  listed  by  the  British  meteorologist  H.  H.  Lamb.6  Among  these 
factors  are  strong  heating  of  the  surface,  especially  desert  sand  or  bare  rock,  during 
times  of  high  sun  and  very  clear  atmosphere;  a long  period  of  time  during  which  the  air 
has  passed  or  remained  over  extremely  warm  surface;  inhibition  of  vcrtica1  convection 
or  local  circulations  by  subsidence;  passage  of  the  air  over  mountains,  especially  when 
latent  heat  absorlied  during  condensation  or  rainfall  on  the  ascent  is  released  into  the 
descending  air;  and  adveetion  from  places  where  the  air  was  already  heated. 

Lamb’s  investigations  suggest  that  conjunction  of  most  or  all  of  these 
influences  might  occur  during  reeord  high  extremes,  and  that  many  of  the  peak  temper- 
atures 44  ...  are  associated  with  the  speeding  up,  and  longer  fetch,  of  warm  air  advee- 
tion just  ahead  of  a cold  front . . . . ” Further,  he  concludes  that  these  extreme  high 
temperatures  44  . . . may  have  been  very  local  and  associated  with  some  locally  forced 
turbulence  — for  instance*,  in  air  descending  some  sort  of  declivity  or  merely  passing 
over  town  buildings  — the  circumstance's  being  such  as  to  raise  adiabatically  by  a degree 
or  two  the  temperature  of  already  very  warm  air  at  a slightly  higher  Vvel  . ...”  7 

The  highest  possible  temperature  that  could  occur  has  been  considered 
by  the  German  meteorologist  Hoffman.8  According  to  him.  because  warm  air  is  lighter, 
air  near  the  hot  ground  surface  seeks  to  rise  above  overlying  layers  which  arc  cooler. 
Thus,  au  ascending  air  *trc»»"  U established  through  which  the  hot  air  escapes  so  that 
the  temperature  of  the  lower  air  levels  should  not  rise  above  a theoretically  definable 
value.  He  puts  this  value  at  slightly  over  55°C  (131  °F)  and  states  that  world  weather 
observations  confirm  it.  The  highest  accepted  record  is  58°C  (136°F),  at  El  A/.izia  in 
North  Africa,  hut  claims  have  been  made  of  higher  temperatures;  e.g.,  140° F at  two 
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Mexican  stations,  Delta,  Baja  California  ami  Riito,  Sonora9  and  167°F  in  the  Gobi 
Desert  of  interior  Asia.1 0 

The  highest  mra  >rly  maximum  temperatures,  122°F  or  above, 
occur  in  the  northern  and  wes'  •»  ^ ;ara;  Death  Valley,  California;  low-lying  desert 
areas  in  Iran; and  a small  pari  t western  Pakistan.11  By  contrast,  the  highest  yearly 
maximum  temperatures  in  some  parts  of  Antarctica  average  below  0°F. 

World’s  highest  temperature:  136°F 
El  Azizia,  Libya,  13  September  1922 

El  Azizia  is  located  in  the  northern  Sahara  at  32°32'  N,  13°01'  E,  ele- 
vation 367  feet.12  At  least  30  years  of  observations  are  available  for  the  station,13  and 
the  climate  has  been  described  by  Eredia.14  The  world  record  temperature  occurred 
during  the  month  of  September;  other  months  during  which  very  high  maximum  tem- 
peratures have  occurred  are  August  and  June,  with  133°F  and  127°F,  respectively.15 

Although  this  record  of  58°C  has  attained  general  acceptance  as  the 
world’s  highest  temperature  recorded  under  standard  conditions,16.17  it  has  been 
questioned.  A.  Fahtoli,  who  was  Director  of  the  Libyan  Meteorological  Service  at 
the  tin.e  the  observation  was  reported,  has  written  about  the  subject,18  19  and  sum- 
maries in  English  are  available.20  21  Although  he  was  unable  to  personally  investigate 
the  reliability  of  the  reading  at  the  time  it  occurred,  he  has  since  examined  the  evidence 
in  some  detail:  the  exposure;  effect  of  instrument  shelter  or  of  instrumental  error; 
records  for  pressure,  wind,  and  humidity  at  three  other  stations  in  Tripoli  for  9-12 
September  1922;and  synoptic  charts  for  the  area  for  10-14  September  1922.  He  also 
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reviewed  temperature  records  at  El  Azizia  for  June  to  October  1914- 1922,  as  well  as 
the  maximum  temperatures  (99° F to  1 18°F)  at  10  places  in  Tripoli  on  1 1-14  S<  ptcmber 
1922.  From  his  investigations,  FantoM  concluded  that  although  there  was  an  unusually 
violent  and  persistent  ghibli22  at  the  Owe,  the  probable  or  tentative  maximum  on  Id 
Scptcmlier  1922  was  56°C  (132,8°F).  this  conclusion  may  have  been  influenced  in 
part  by  the  comparatively  low  maximum  temperatures  at  nearby  stations,  a point  also 
mentioned  Ir  other  authors.23  Lamb  also  investigated  tile  El  Azizia  record,  and  from 
his  investigations  he  has  described  the  synoptic  situation  which  caused  the  extreme 
heat.24  A cold  front  was  advancing  eastward  from  Algeria,  and  ailvcction  of  warm  air 
from  the  Saharan  interior  was  established  some  distance  ahead  of  tin*  fiont.  Tripoli 
had  strong  southerly  winds  for  two  successive  days  before  the  front  passed.  Rainfall 
in  mountains  to  the  south  in  the  Anderasarea  (17°  IN.  8°  E)  yvas  thought  to  have  eon 
trihuted  latent  heat  of  condensation  to  the  air  mass. 

Western  Hemisphere's  highest  temperature:  134°F 
Death  Valley,  California,  10  July  1913 

Death  Valley,  at  37°  N,  1 17°  W,  is  a desert  below  sea  kv el,  flanked  by 
mountains.  It  has  the  hottest  sir.nmers  in  the  W estern  Hemisphere.25  The  temperature 
of  134°F,  recorded  ; f»reeulaud  Ranch  Station,  is  accepted  by  the  ll.S.  Weather  liorcun 
as  an  official  record.  Oil  the  day  this  temperature  occurred,  winds  were  strong,  then* 
wore  sandstorm  conditions,  and  a heat  spell  of  8 consecutive  days  with  maxinmms  of 
I27°F  or  higher  was  in  nrogress.26 


A.  Court27  has  examined  the  Death  Valley  record  in  detail:  the  surround- 
ing environment,  tin*  equipment  and  procedures  used  for  taking;  tile  observation,  weather 
eonditirins  at  the  time  it  occurred,  ana  temperature  frequencies  at  the  station  over  a 
period  of  record  from  191 1 through  1947.  He  found  that  at  the  time  of  tin*  record 
there  were  comparatively  low  maxima  at  other  stations  in  tin*  area,  as  had  been  tin*  case 
at  El  Azizia.  lie  found  that  aside  from  the  period  during  which  tin*  record  occurred  in 
July  1913,  temperatures  of  127°F  or  higher  were  reached  in  only  two  other  \Tars  from 
1911  through  1947.  During  a later  period,  1948  to  1967.  a temperature  of  129°F  was 
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reported  in  July  I96028  ; but  according  to  Williams  this  value  is  doubtful.29  From  bis 
analysis  of  the  191 1 through  1947  data,  Court  determined  that  a temperature  of  134°F 
lias  an  expectancy  of  only  once  in  650  years.30  lie  concluded  that  “constantly  increas- 
ing accuracy  in  weather  observations  and  higher  standards  of  instrument  exposure  make 
it  .-win  probable  that  no  future  official  observation  will  exceed  the  present  high  temper- 
ature record  for  North  America  now  held  by  Death  Valley.”3 1 

Persian  Gulf  had  a sea-surface  temperature  of  96°F 
5 August  1924. 

This  sea  surface  temperature,  measured  by  the  SS  Frankenfels,  is 
“ . . . among  the  highest  recorded.  . . .”32  However,  sea  4cmperaturc  in  the  Persian  Gulf 
has  licen  known  to  reach  98° F in  August  and  September.3*"  Although  the  96°F  record 
is  not  an  absolute  maximum  in  the  sense  of  being  the  highest  known,  it  was  suggested 
for  inclusion  here  *o  indicate  how  hot  the  ’ea  surface  can  become.  The  Persian  Gulf 
also  has  very  high  average  temperature^  \ summer,  88°F  during  July  and  August.34 

4 

Dallol,  Ethiopia,  has  an  annual  mean  temperature  of  94°F, 
possibly  the  world’s  highest. 


Places  that  are  hot  in  summer  and  remain  warm  in  winter  have  high 
annual  means  of  daily  maximum  temperature.  The  highest  occur  at  low  elevations, 
away  from  coasts,  and  within  the  latitude  belt  between  12°  and  20°N  across  Africa  and 
possibly  the  southwestern  Arabian  pcnisula.35  Dallol  is  within  this  belt  at  1 4°  1 9'  N, 
40°  1 l'E.  It  is  located  258  feet  below  sea  level  on  the  edge  of  the  Danakil  Depression, 
a salt  desert.  By  averaging  tin'  annual  mean  daily  maximum  temperature  of  106°F36 
and  the  annual  mean  daily  minimum  of  83°F,37  an  annual  mean  temperature  of  94°F 
is  obtained.  All  of  these  values  are  possible  world  records.  The  94°F  annual  mean 
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exceeds  the  88°  F averaged  at  Hugh  Ferrandi,  Somalia  from  1923  to  1933  and  riled  as 
probably  tin*  world’s  highest  annual  mean  temperature.38  The  I06°F  annual  mean  daily 
maximum  temperature  exeeeds  the  102°F  reeorded  at  Aliecher,  Chad  for  a 6-year 
period  and  tin*  1()1°F  at  Merowe,  Sudan  (30  years)  and  Araoimc,  Mali  (tt  years):  these 
values  are  the  highest  listed  in  the  Hritish  Meteorological  Office’s  ‘Tallies  of  Tempera- 
ture, Relative  Humidity  and  Precipitation  for  tin*  World.”39 

Tin*  Uallol  temperatures  were  obtained  from  readings  taken  at  a clima- 
tological station  maintained  at  the  base*  camp  of  an  American  prospecting  company 
over  a period  of  6 years,  October  I960  through  November  1966.  Maximum  and  mini- 
mum temperatures  were  recorded  “ . using  standard  thermometers  kept  at  a height 
of  four  feet  in  a ventilated  screen  . ...”  40  The  period  of  observation  is  short;  but  it  is 
believed  that  the  difference  l>etwecn  these*  available  6-year  values  and  a long-term  mean 
would  l>o  very  small.  At  nearby  Khormaksar,  whose*  temperature  trends  appear  similar 
to  Dallol’s,  the  greatest  difference  between  monthly  means  of  daily  maximum  tempera- 
ture for  the  years  1961  through  1966  and  those*  for  1947  through  1966  was  only  0.3°C.41 

I).  E.  Pedgley  has  considered  areas  where  annual  mean  daily  maxima 
might  crpial  or  exceed  Dallol’s.42  According  to  him,  in  the  lowest  part  of  the  Danakil 
Depression,  which  reaches  a minimum  of  about  390  feet  below  sea  level  some*  20  miles 
south  of  Dallol,  the  annual  mean  daily  maximum  might  1h*  a “fraction  of  a degree 
Fahrenheit  greater”  than  at  Dallol.43  In  the  Abcchcr  area  where  there  is  a “ . . . descent 
of  potentially  warmer  air  resulting  from  a blocking  by  the  Marra  Mountains  of  tin*, 
north-easterlies  that  blow  for  much  of  tin*  year  . . . . ” there  might  also  lx*  low-lying 
places  with  values  similar  to  Dallol’s. 

b.  Low  Temperatures.  Extreme  low  temperatures  result  from  ”...  the 
simultaneous  occurrence  of  an  optimum  combination  of  several  meteorological  ele- 
ments; absence  of  solar  radiation,  clear  skies,  and  calm  air  are  the  most  essential  require- 
ments, with  the  ultimate  fall  in  temperature  dependent  upon  the  duration  of  these  con- 
ditions ....  ’,44  During  such  conditions,  there  is  minimum  mixing  of  tin*  vertical  air 
layers.  As  tin*  ground  surface  loses  heat  through  terrestrial  radiation,  the  nearest  air 
layers  lx* come  cooled  and,  consequently,  heavier  than  the  layers  above  them. 
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Extremely  cold  tempo  rat  tires  occur  in  interior  high  latitude  localities 
with  clear  skies,  which  are  conducive  to  maximum  terrestrial  radiation,  and  with  topo- 
graphic features  which  afford  protection  from  wind.  Geographic  areas  of  extreme  cold 
arc  the  eastern  Antarctic  plateau  (approximately  9,000  to  12,000  feet  of  in  elevation): 
the  central  part  of  the  Greenland  Icecap  (approximately  8,200  to  9,800  feet  in  eleva- 
tion); Siberia  between  63°  and  68°N  and  between  93°  and  J60°E  (Im  Iow  2,500  feet  in 
elevation):  and  the  Yukon  basin  of  northwestern  Canada  and  Alaska  (below  2,500 
feet  in  elevation). 


In  Europe,  the  lowest  temperature  has  been  recorded  at  UsfShchngor 
in  the  Soviet  Union  at  about  55° N,  50°E.4S  This  station,  located  near  the  Siberian 
border  at  an  elevation  of  279  feet,  reported  a -67°F  in  January;  the  exact  date  is  not 
cited,  but  it  was  the  lowest  in  a 15-year  period.46 

Annual  mean  minimum  temperature  can  range  from  approximately 
70°F  in  places  like  Dallol,  Ethiopia,  to  a possible  -130°F  in  the  Antarctic.  This  differ- 
ence of  about  200  Fahrenheit  degrees  is  considerably  greater  than  the  difference  of 
about  125  Fahrenheit  degrees  between  the  highest  and  lowest  annual  mean  maximum 
temperatures.  Annual  mean  minimums  for  the  world's  coldest  areas  are  -76°F  in 
Siberia,  below  -85°F  on  the  Greenland  Icecap,  and  from  about  -94°F  to  - 1 30°F  in  the 
Antarctic.47  The  -1 30° F value  is  considered  possible  as  an  annual  mean  minimum, 
even  though  -I27°F  is  the  lowest  temperature  recorded,  (realise  in  the  extensive  cold 
area  of  East  Antarctica  only  a few  stations  have  taken  lem|)cratnre  measurements  and 
then  only  for  short  periods  of  time.48 

World’s  lowest  temperature:  -127°F 
\ ostok,  Antarctica,  24  August  I960 


The  theoretical  minimum  temperature  that  could  he  reached  has  been 
calculated  by  Shliakhov49  and  by  McCormick.50  Shliakhov  estimated  -80°G  ±2°G  at 
about  4 kilometers  altitude  (m\,  -I  I 2°F  at  about  1 3,123  feet)  with  a decrease  of  0.5°G 
for  every  further  1 00-meter  rise  irt  height.  This  estimate  was  exceeded  when  the  temper- 
ature fell  to  -87.4°G  ( l25°F)at  V ostok.  Antarctica  (70°27'S.  1 0(r°52'K,  elevation 
1 1,220  feet)  iu  1958  and  again  in  I960  when  the  world  record  low  temperature  of 
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-126.9°F  occurred,  also  at  Vostok.  The  basic  error  in  Shliakhov’s  calculations,  accord- 
ing to  H.  Wcxler51  resulted  from  associating  a zero  radiation  balance  with  a certain 
temperature  - the  theoretical  minimum.  McCormick’s  calculation  for  the  possible 
minimum  was  for  ” . , , virtually  optimum  conditions  . . . assumed  to  persist  during  the 
polar  night  (about  180  days)  . ...”  52  The  resultant  value,  -200°C  (-328°F)  is 
“ . . . hardly  realistic  for  the  troposphere  ...”  where,  apparently,  wintertime  radiative 
energy  losses  are  compensated  by  advective  gains.  However,  it  might  be  more  appli- 
cable to  the  ozonosphere  where  such  ”...  energy-balancing  processes  are  not  equally 
operative  . ...”  53  An  ozonospherie  temperature  of  -97°C  (-143°F)  was  measured  at 
about  24,000  meters  (78,740  feet)  above  Halley  Hay  at  75°3I*S,  26°36'W,  altitude 
98  fret,  on  9 August  1959. 54  The  lowest  tem|jcratnrc  recorded  in  the  Earth’s  atmo- 
sphere is-l53°C  at  93  kilometers  above  Point  Barrow,  Alaska,  in  Jirne  1966. 55  How- 
ever, this  is  above  the  ozonosphere  and  June  is  not  the  time  of  polar  night  at  Point 
Barrow. 

Northern  Hemisphere’s  Lowest  Temperature:  -90°F 
Verkhoyansk,  USSR,  5 and  7 February  1892  and  Ormekon,  USSR,  6 February  1933 

Very  low  winter  temperatures  oceirr  in  the  Verkhoyansk. -Oimckon  cold 
zone,  approximately  lad  ween  63°  and  68°N,  and  93°  and  I60°E  in  the  East  Siberian 
taiga  (northern  coniferous  forest).  It  is  an  area  of  extreme  contincntality,  lying  near 
the  eastern  end  of  the  world’s  largest  landniass  and  blocked  off  by  mountain  ranges 
from  the  moderating  influence  of  oceans.  In  winter,  the  high  air  pressures  from  the 
Asiatic  anticyclone  create  dear  weather  which  promotes  strong  radiation  from  the 
snow  surface  during  the  long  nights.  A value  of  -89.7°F  was  recorded  at  Verkhoyansk 
(67°34‘N,  l33°5rE,  elevation  about  350  feet)  twice  in  1892,  and  -89.9° F was  record* 
ed  at  Oimekon  (63°28‘N,  142°49*E,  elevation  2,625  feet)  in  1933. 56  Oiinekon  is 
situated  in  a valley  10  to  2(t kilometers  (about  3,280  feet)  wide,  below  a plateau  which 
is,  in  turn,  enclosed  bv  mountains,57  In  the  winter,  cold  air  accumulates  in  the  valley 
and  there  is  hardly  any  wind.  It  is  possible  that  tin*  temperature  there  may  have  fallen 
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below  the  value  recorded;  temperatures  of  -95°F  and  down  to  -108°F  have  been 
claimed.58  59  60  Considerable  controversy  has  arisen  about  the  Verkhoyansk  records 
due  to  problems  concerning  instrument  corrections,  and  about  both  the  Verkhoyansk 
and  Oimekon  records  because  of  misleading  references  to  incorrect  values  in  the 
literature.61  62  63 


Greenland's  lowest  temperature:  *87°F 
Northiee,  9 January  1954 

On  the  permanent  icecap,  which  covers  most  of  the  interior  of  Green- 
land, temperatures  are  very  low  due  both  to  loss  of  heat  through  radiation  and  to  evapo- 
rative cooling  from  the  snow  and  icc  surface.64  A temperature  of  -86.8°F  has  been  re- 
corded at  Northiee  (78°04'N,  38°29'W,  elevation  7,687  feet),  a station  established  by 
the  British  North  Greenland  Expedition.65  Since  the  period  of  record  for  Northiee  was 
only  20  months  (November  1952  through  June  1954)  and  temperatures  below  *75°F 
occurred  16  times,  it  is  quite  probable  that  temperatures  there  have  been  lower  than 
•87°F  at  other  times.66 

North  America’s  lowest  temperature  (excluding  Greenland):  -81°F 
Snag,  Yukon  Territory  3 February  1947 

Snag  is  located  near  the  Alaskan  border  of  Canada’s  Yukon  Territory, 
at  62°23'N,  140°23'W,  elevation  2,120  feet.  This  part  of  Canada  resembles  the 
Verklioyansk-Oimekon  Area  of  eastern  Siberia  in  its  coutinentality.  The  lowest 
gradation  on  the  minimum  thermometer  which  recorded  this  extreme  was  *80°F,  but  a 
pencil  mark  was  made*  at  a distance  about  4 degree’s  below  -80°F.67  However,  subsequent 
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laboratory  calibration  of  the  thermometer  unhealed  ail  instrumental  error  of  ±3  degm's: 
and  a value  of-8l.4°F  was  officially  set  by  the  Canadian  Meteorological  Service.68  69  70 
On  the  preceding  day,  2 February,  tin*  corrected  minimum  temperature  was  -80.1°F.71 
Tin*  previous  record  Canadian  low  temperature  was  -78.5°F  at  Fort  Good  Hope*  in  tin* 
Northwest  territories  on  30  December  1910. 72 

If.  S.  lowest  temperature:  -80° F 
IVospcet  ('reek,  Alaska.  23  January  1971 


This  low  temperature  was  recorded  at  a camp  along  the  Alaskan  pipeline 
in  the  Kndicott  Mountains  southeast  of  Hetties  at  66°48'N.  I50°40#W,  MOO  feet  eleva- 
tion. An  official  figure  of  -79.8°F  was  established  " . . . after  subsequent  rccalibration 
of  the  thermometer  at  the  Bureau  of  Standards  in  Washington  ....  M 73  It  replaced  the 
previous  official  United  States  low  of  -76°F  recorded  at  Tatiana,  Alaska,  in  the  Yukon 
Valley  at  6S°I0'N,  I52°06'W,  elevation  220  feet,  in  January  1886. 74  Among  other  low 
temperatures  claimed  for  Alaska  was  one  of  *78°F  recorded  by  an  airways  observer  at 
Fort  Yukon  (66°34'N,  145°18'W,  elevation  417  feet)  on  14  January  1934  two  days 
after  the  weather  station  closed  there,  which  made  tin*  record  unofficial.75  Also,  a mini- 
mum thermometer  left  at  15,000  feet  on  Mt.  McKinley  for  19  years  indicated  a tempera- 
ture lower  than  -100°F  at  some  time  during  its  exposure."0 

Plateau  Station,  Antarctica,  had  a mean  July  temperature  of  -I0()°F 
in  1968  and  a mean  tcnqieratiiro  of  -70°F  for  1966  through  1968 


Plateau  Station  is  located  at  79°I5'S,  40°30'K,  elevation  1 1 ,890  feet. 

It  is  in  or  near  the  coldest  part  of  the  Antarctic,  which  is  believed  to  be  close  to  the  ridge 
line*  in  Fast  Antarctica.77  During  tin*  whiter  of  I960,  there  wen*  1 18  days  with 
temperatures  below  I00°F.78  The  July  mean  temperature  for  that  year  is  believed  to  he 
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a now  world  record,  *99.8°F.79  It  exceeds  a moan  of  -97.2°F  (-7I.H°i>)  during  August 
1958  at  Sovielskaya80  which  has  lieen  quoted  as  . . . probably  the  lowest  mean  month- 
ly tcni|MTatnrc  oil  record.  ...”  81  Soviotskaya,  a Russian  station,  atF8°24'S,  87°35#K, 
elevation  1 1,713  foot,  reported  ail  annual  mean  tciii|MTatnrc  of  *7l°Fld(iriiig  the  Id  Y 
period  in  1957  and  1 958. 82  This  is  colder  than  Plateau  Station's  -70°|,  hut  the  area  is 
not  considered  to  l>e  as  cold.  The  periods  of  record  at  Plateau  Statioimuul  Soviotskaya 
are  not  long  enough,  however,  to  lie  conclusive.  Some  other  low  averse  temperatures 
are  *67°F  at  Vostok  during  1958  and  1959,  and  -59°F  at  Amundsen-Scfett  Station  (90°S, 
elevation  9,186  feet)  for  the  |H*riod  1957*  1964. 83  During  this  same  |»eilod  at  Amundsen- 
Scott,  the  July  temperature  averaged  *74.5°F  with  the  maxhmims  averaiing  69°F  and 
the  minimuins,  *80°F.84  I 

c.  Temperature  Variations.  Rapid  temperature  changes  can  occur  under 
certain  weather  conditions;  e.g.,  changes  in  wind  direction  whether  onshore  or  offshore 
in  coastal  areas  especially  during  scasonsof  the  year  when  land-sea  temperature  differ- 
ences are  greatest.  Foelnis  (warm,  drying  winds  descending  the  lee  sides  of  mountain 
ranges)  can  bring  substantial  temperature  rises  in  short  |>eriods  of  time;  increases  of  20  to 
30  degrees  in  an  hour  are  not  uncommon  along  the  eastern  side  of  the  Rocky  Mountains 
in  the  United  States  and  Canada.8*  Adveetion  of  cold  air  masses  can  cause  tcm|>eratiirc 
falls  which  can  Ik1  further  intensified  by  loss  of  heat  through  radiation.  Still  other 
weather  situations  can  cause  extreme  fluctuations  in  temperature. 

U.  S.  Greatest  2*minute  tcni|MTaturc  rise: 

49F°,  from  -4°F  to  45°F 
Spearfish,  South  Dakota,  22  January  1943 

Rapid  Gity,  South  Dakota,  had  three  temperature  rises 
and  two  falls  of  40F°  or  more  during  a period 
of  it  hours  and  10  minutes,  22  January  1943 

Spearfish  is  located  at  44°30'N,  I04°W,  elevation  3,637  feet,  and  Rapid 
City  is  at  44°N,  103°W,  elevation  3,234  feet.  They  are  in  the  Itlack  Hills,  a dome*sha|>ed 
mass  culminating  in  peaks  over  7,200  feet  above  sea  level,  which  slopes  abruptly  on  the 
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east  and  gradually  on  the  west.  This  region  lies  mostly  between  43°  and  45°  N,  and 
103°  and  104°30'W,  and  the  effects  of  the  topography  on  winds  from  the  west  cause 
rapid  temperature  changes  to  occur  there  rather  frequently. 

On  22  January  1943,  very  rapid  and  pronounced  fluctuations  in  tempera- 
ture took  place  in  the  Black  Hills.  The  phenomenon,  investigated  by  Hamann,  was 
“ . . . essentially  the  result  of  the  wavering  motion  of  a pronounced  quasistationary  front 
separating  Continental  Arctic  air  from  Maritime  Polar  air  ....  ” 86  Local  ehinook87 
effects  possibly  contributed  to  the  unusual  conditions.  At  Spearfish,  the  temperature 
rose  from  -4°F  to  45° F and  returned  to  -4°F  between  0732  and  0927  hours  (7:32  and 
9:27  a.m.)?8  During  this  period,  in  which  there  were  many  abrupt  changes,  the  record 
2-minute  rise  occurred.  At  Rapid  City,  the  temperature  rose  from  5°F  to  54°F  between 
0920  and  0940  hours  (9:20  and  9:40  a.m.),  fell  to  1 1°F  at  1030  hours,  rose  to  55°F  at 
1045  hours,  fell  to  10°F  at  1130  hours,  rose  to  34°F  at  1150  hours,  fell  to  16°F  at 
1215  hours  and  rose  to  56°F  at  1240  hours.89  Changes  were  so  rapid  that  buildings 
were  experiencing  winter  on  one  side  and  spring  around  the  corner.  The  phenomenon 
also  caused  unusually  large  daily  ranges  in  temperature,  over  50  degrees  at  some  places, 
and  sharp  contrasts  between  some  nearby  places.  For  example,  at  Lead,  South  Dakota, 
the  temperature  was  52°F,  while  at  Dcadwood,  less  than  3 miles  away,  it  was  •16°F.90 

In  Canada,  similar  conditions  have  occurred.  At  Pincher  Creek,  Alberta, 
on  6 January  1966,  the  temperature  rose  45F°  (from  -12  to  33)  and  fell  40F°  (from  33 
to  -7)  during  a 2-hour  period.91  Several  hours  later  it  again  rose  46F°  (from  -10  to  36) 
within  an  hour. 

4.  Precipitation,  Precipitation  is  measured  by  the  depth  to  which  it  covers  a 
horizontal  unit  area  during  a given  period.  Precipitation  is  caught  in  gages  whose  diam- 
eter represents  the  horizontal  unit  area;  the  more  representative  the  catch  is  of  actual 
fall  over  the  entire  observation  area,  the  more  useful  the  measurement.  For  this  reason, 
site,  form,  and  exposure  of  the  gage  are  important,  and  precautions  need  to  l>e  taken  to 
prevent  precipitation  from  splashing  out  of  the  gage  or  being  blown  out  by  wind.  In  hot, 
dry  areas,  evaporation  can  be  a problem.  Various  requirements  to  cover  these  points 
have  been  established  by  the  World  Meteorological  Organization.92 
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R.  R.  tlamann,  Th r Remarkable  Temperature  Fluctuation*  in  Ihr  Black  Mill?  Region.  January  1913.  Monthly 
Weather  Review,  Vol.  71.  No.  3,  pp.  29-32. 

A name  given  lo  foehns  in  lhr  Wcslrrn  United  Stair*  and  Canada. 

R.  R.  I lamann,  op.  cil. 

Ibid. 

Ibid . 

I).  M.  Ludlum,  op.  cil. 

World  Mr  lroro  logical  Organization,  op.  cil. 
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Gages  are  of  two  main  kinds  — the  ordinary  or  non-recording  gages  and  re- 
cording gages.  The  former  provide  a means  of  collecting  and  measuring  precipitation, 
and  the  latter  incorporate  mechanisms  for  recording  the  amount  of  fall  during  a given 
period  or  the  rate  of  fall  at  any  instant.  Descriptions  of  the  many  varieties  of  recording 
and  nonrecording  gages  can  be  found  in  Middleton  and  Spilhaus,  Meteorological  Instru- 
ments.93 


Even  with  the  most  efficient  instruments,  functioning  perfectly  and  in  the 
most  favorable  sites  and  exposures,  there  are  still  problems  in  obtaining  representative 
precipitation  values.  The  standard  gage  diameter  is  8 inches  in  the  United  States.  There- 
fore, the  horizontal  unit  area  covered  by  the  measured  precipitation  is  about  50  square 
inches,  and  measuring  sites  are  often  several  miles  apart.  Furthermore,  intense  rainfall 
is  often  very  localized  and  may  be  missed  by  the  observation  network.  An  example  is 
described  by  Lautzenheiser  and  Fay.94  During  a rainfall  in  August  1959,  two  gages  in 
the  town  of  Island  Falls,  Maine,  neither  in  the  official  Weather  Bureau  network,  each 
measured  6.35  inches.  The  next  nearest  gage,  about  12  miles  away,  measured  3.06 
inches.  The  nearest  official  network  gages,  at  Moulton  approximately  20  to  25  miles 
northeast  of  Island  Falls,  measured  0.59  and  0.25  inch,  respectively. 

a.  Greatest  Precipitation.  There  are  three  general  types  of  precipitation: 
convective,  cyclonic,  and  orographic.  Each  has  its  characteristics  and  geographical  dis- 
tributions. as  well  as  different  expectations  for  record  extremes.  Convective  rain  results 
from  overturning  of  cooler  air  by  warmer  air  from  below  and  takes  the  form  of  heavy, 
localized  showers,  such  as  thundershowers.  Convective  showers  tend  to  be  most  frequent 
in  warm  areas  and  seasons  and  are  responsible  for  many  of  the  extreme  short-period 
rainfalls. 


Cyclonic  precipitation  results  from  mechanisms  associated  with  low- 
pressure  centers  (cyclones)  and  with  zones  of  convergence  of  different  air  masses  (fronts). 
The  most  severe  cyclonic  storms,  hurricanes  or  typhoons,  bring  very  heavy  and  prolonged 
tain  and  are  responsible  for  most  of  the  extreme  amounts  that  occur  over  a period  of 
several  hours  or  days.  Certain  parts  of  the  world,  mostly  oceanic  and  coastal  areas,  lie 
along  the  track-  usually  taken  by  these'  storms.  The  storms  are  prevalent  in  different 
areas  at  different  times  of  the  year;  their  tracks  are  mapped  by  month  in  the  U.  S.  Navy’s 
Marine  C.limatic  A tin*  of  the  llorld.95 


W,  K.  K.  Middleton  and  A.  F.  Spilhaus  \fatrorol  Instrument*,  3rd  ed.  I'niv.  of  Toronto  Pn*w.  Toronto,  1953. 

94 

R.  E.  laiutzrnliriarr  and  R.  Fav.  Ilravy  Rainfall  al  Island  Falls  Maim*.  2R  Ann  39,  Monthly  W(*c thrr  Rrvu*u\ 

Veil.  91,  No.  12.  pp.  711.71 1.  Drrfifi. 

95  II.  L Crutcher  and  0.  M,  Davis,  V,  S.  Wavy  Marino  Climntiv  Atlas  of  tho  World.  v.  tt,  The  World.  (NAVAIR  50-1 C.- 
51).  I '.  S.  Naval  Weather  Srrvice  Command,  1969, 
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Orographic  precipitation  results  from  upward  deflection  of  air  when  it 
strikes  higher  ground.  This  often  occurs  in  conjunction  with  convective  and  cyclonic 
types  and  tends  to  increase  the  precipitation  amounts  produced  by  them;  the  increase  is 
greatest  on  steep  slopes.  Precipitation  can  also  increase  when  sharply  narrowing  valleys 
between  slopes  act  as  funnels  on  up-valley  winds.  Highlands  in  the  path  of  moisture- 
carrying  winds  from  warm  seas  have  abundant  and  frequent  precipitation;  such  areas 
have  the  highest  average  yearly  rainfalls.  Among  them  are  the  east-  and  south-facing 
slopes  of  the  Himalayas,  the  western  slopes  of  the  Andes  in  Colombia,  and  mountain 
ranges  along  the  northwest  coast  of  North  America.  Annual  mean  precipitation  values 
often  differ  slightly  in  different  sources  because  of  differences  in  the  period  of  record. 
(This  is  also  true  of  the  average  values  for  other  meteorological  elements.)  The  number 
of  years  on  which  the  precipitation  means  included  on  the  weather  extremes  maps  are 
based  are  given  in  the  table,  pages  7-15.  Generally,  a longer  period  of  record  would  be 
more  reliable  than  a short  one. 

World’s  greatest  1-minute  rainfall 
1.23  inches 

Unioiiville,  Maryland,  4 July  1956 

The  U.  S.  Weather  Bureau’s  investigation  of  this  record  is  described  by 
H.  H.  Engelbreeht  and  G.  N.  Braneato.96  The  extreme  fall  occurred  during  an  afternoon 
of  intense  thunderstorms  in  the  foothills  of  northern  Virginia  and  adjacent  north-central 
Maryland.  At  Unionville,  the  total  precipitation  during  the  storm  was  3.60  inches,  of 
which  2.84  inches  fell  during  a 50-minute  period  from  1450  to  1540  hours  (2:50  to 
3:40  p.m.).  Rainfall  was  measured  with  a recording  rain  gage  located  in  satisfactory 
exposure.  Some  13  points  pertaining  to  functioning  of  the  gage  were  considered  in  eval- 
uating this  record  by  Engelbreeht,  then  State  Climatologist  for  Maryland,  and  T.  E. 
Ilostraudcr,  who  was  Substation  Inspector.  An  enlarged  photograph  of  the  recording 
rain  gage  chart  revealed  that  at  chart  time  3:23+  the  pen  was  at  2.47  inches  on  the  chart 
scale  and  at  chart  time  3:23-,  it  was  at  3.70  inches.  It  was  concluded  that  “ . . . 1 .23 
inches  of  precipitation  occurred  in  an  estimated  period  of  one-minute  or  less  97 

This  exceeded  the  previous  world  record  1 -minute  rainfall  of  0.69  inch  at  Jefferson,  Iowa, 
which  in  turn  had  exceeded  the  earlier  record  of  0.65  inch  at  Opid's  Gamp,  California. 

World’s  greatest  42-iuinute  rainfall: 

12  inches 

Holt,  Missouri,  22  June  1947 


96  II.  II.  Kngrlbrrchl,  and  0.  N.  Branca  In,  W >rld  Krronl  One*  Minnie  Itainfall  al  Unionville,  Maryland,  Monthly 

Weather  Review , Vol.  B7,  No.  H,  pp.  303-306.  Ann  50. 

97  ..  .. 
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G.  A.  Lott  has  examined  the  meteorological  data  available  for  this 
storm  and  considered  the  factors  responsible  for  its  remarkable  intensity.98  According 
to  him,  the  storm  occurred  w ...  as  a local  intensification  in  a long,  narrow,  warm  sec- 
tor convective  system  (the  leading  edge  of  which  may  be  interpreted  as  an  instability 
line)  a short  distance  ahead  of  a surface  cold  front . . . . ” He  further  states  that  “ . . . a 
unique  factor  was  the  tightening  of  the  pressure  gradient  north  of  an  instability -line 
Low,  causing  an  extraordinarily  strong  low-level  flow  of  unstable  air  into  the  pre-existing 
convective  system  . . . . ” 


World’s  greatest  12-hour  rainfall: 
53  inches  on  28-29  February  1964 
Bclouve,  La  Reunion  I 

World’s  greatest  24-hour  rainfall: 
74  inches  on  15-16  March  1952  and 


World’s  greatest  5-day  rainfall: 
152  inches  on  13-18  March  1952 
Cilaos,  La  Reunion  I 


La  Reunion  Island  is  located  in  the  Indian  Ocean  at  approximately 
21°S,  55°30'E.  It  is  about  30  by  40  miles  in  extent  and  very  mountainous,  with  steep 
slopes  and  narrow  valleys.  Sea  surface*  temperature  is  highest  during  the  tropical  cyclone 
season,  reaching  81  °F  in  March.99  The  record-producing  rainfall  at  Gilaos  occurred  dur- 
ing a tropical  storm  as  did,  presumably,  that  at  Belonve  and  another  very  heavy  rainfall 
(62.33  inches  in  1 day  and  136.83  in  5 days)  at  Aurere,  in  April  1958. 100  All  three  of 
these  storms  broke  the  previous  24-hour  world  record,  45.99  inches  at  Baguio  in  the 
Philippines  in  191 1,  and  the  Cilaos  storm  broke  the  previous  5-dav  world  record  of  150 
inches  at  Gherrapiiuji,  India,  in  August  1841 . The  values  given  for  Aurere  and  Cilaos 
were  obtained  from  a survey  of  about  6 years  of  official  published  data  for  those  places, 
and  tin*  February  1 964  rainfall  at  Belonve  was  reported  in  a communication  from  the 
French  Meteorological  Servicr. 101  Since*  these*  record-breaking  amounts 4k  . . . were  the 
result  of  an  incomplete  survey  of  a short  period  of  record,  there  is  a good  chance  that  a 
more  thorough  survey  of  a longer  (icriod  of  record  would  disclose  other,  and  perhaps, 
even  greater,  amounts  of  similar  magnitude.102 
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t».  A.  Lott,  Tin:  World-rrmrd  12-minulr  I loll , Missouri.  It  a inform.  Monthly  Ilmi/icr  Hvvbtv,  Vol,  N2.  Nn.  2, 
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Nor  thorn  Hemisphere's  greatest  24-lionr  rainfall: 

49  inches 

Paisliih,  Taiwan  10-11  Septeml>er  1963 

Paisliih  is  located  at  24°33'N.  12I°I3'K  at  5,368  foot  on  tin*  island  of 
Taiwan.  Taiwan,  like  La  Reunion,  is  very  mountainous  and  is  surrounded  by  warm 
oooan  water,  82°F  in  August  and  September  during  the  tropical  storm  season.  Tin* 
record  rainfall,  49.13  inches,  occurred  during  typhoon  Gloria,  and  it  was  measured  in  a 
recording  gage,  thus  adding  to  the  reliability  of  the  observation.103  Rain  of  similar  in 
tensity  fell  at  nearby  stations  during  the  same  storm.  At  one  of  these  places.  Paling, 
total  rainfall  during  the  ty  phoon  was  greater  than  at  Paisliih,  and  for  some  durations, 
intensity  might  have  been  greater.  However,  no  further  information  on  Paling  is 
available. 

Dharnmpnri,  India,  had  a 24-hour  rainfall  of 
39  inches 

2 July  1941  - possibly  the  world's  greatest  on  flat  terrain 

Information  on  this  rainfall  extreme  was  obtained  in  1962  by  the  late 
Paul  Siple,  then  Scientific  Advisor  to  the  Director  of  Army  Research.1®4  Dr.  Siple  ob- 
tained it  from  the  Director  of  the  Indian  Central  Meteorological  Research  Institute  of 
Poona,  India.  Dharampnri  is  at  latitude  20.5° N in  the  Surat  District  of  Gujarat.  Accord- 
ing to  Siple. 

Institute  personnel  lielieve  this  to  be  a maximum  rain 
on  essentially  flat  terrain.  Actually,  it  was  a monsoon 
rain,  and  the  Western  Ghats  (mountains)  must  have  had 
some  effect.  However,  the  Poona  meteorologists  mini- 
mized the  orographic  influence,  for  the  location  of  the 
rainfall  was  not  in  the  immediate  vicinity  of  high 
mountains. 

Yankeetown,  Florida,  had  a 24-hour  rainfall  of 
39  i indies 
5 Scptemlier  1950 

Yankcetown  is  located  on  the  west  coast  of  Florida  at  approximately 
29°2'N.  82°4(VW  and  would  Ite  at  or  near  sea  level.  The  38.70  inches  that  6*11  then*  is 

103  Ibid. 

104 

Indian  Central  Mrlniml  Research  Inst.  Poona.  India,  (lommnnii  tilion  from  Director  to  I*.  A.  Siple,  Scientific 
Advisor  lo  Director  of  Army  Research,  transmitted  from  Dr.  Siple  to  Dr.  . It.  Itrierl).  Kurlli  Sciences  labora- 
tories, l:.  S.  \rin>  Natick  laboratories,  in  letter  dated  IT  Jan  (i2. 
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North  America’s  greatest  24-hour  rainfall  and  could  be  a rival  claim  to  l)harum|turi’s  for 
rainfall  on  non  mountainous  terrain.  Although  this  is  not  an  official  record,  it  is  one  of 
tin*  “few  well-accepted  unofficial  extremes”  included  hy  Schmidli.105 

Australia’s  greatest  24-honr  rainfall: 

39  inches 

Crohamlmrst,  Queensland  3 February  1893 

This  record,  discussed  hy  Newman,  is  officially  accepted  and  apparently 
quite  reliable.106  It  occurred  during  a cyclonic  storm  in  which  comparable  heavy  rain 
fell  at  nearby  stations. 

World’s  greatest  annual  mean  precipitation: 

460  inches 

Mt.  Waialeale,  Kauai,  Hawaii 

According  to  official  sources,  “ . . . normal  annual  precipitation  at  Mt. 
Waialeale  is  460  inches,  the  highest  recorded  annual  average  in  the  world  ....  M 107 
This  amount  is  based  on  data  for  the  period  from  1931  through  1960.  An  average  of 
472  inches  has  been  quoted  in  other  sources,  based  on  data  for  1912  through  1949. 108 
Mt.  Waialeale  also  had  the  greatest  precipitation  for  1 year  of  any  place  in  the  United 
States,  624  inches  between  24  July  1947  and  27  July  1948. 109  This  mountain  is  located 
on  the  island  of  Kauai,  at  22°04'N,  159°30'W.  Conditions  pertinent  to  the  record  rain- 
fall are  described  by  Henning.110  According  to  him,  the  storage  rain  gage  is  at  an  eleva- 
tion of  1,547  meters  (5,075.5  feet),  and  measurements  are  made  at  3-inonth  intervals. 

Asia's  greatest  annual  mean  precipitation: 

450  inches 
Chcrrapnnji,  India 

When  the  summer  monsoon  depressions  (moderately  vigorous,  warm- 
cored  cyclonic  disturbances  accompanied  hy  heavy  rain)  from  the  Hay  of  Heugal  reach 
the  Himalayas,  the  rainfall  is  further  increased  by  orographic  lifting.111  As  a result  of 
these  monsoon  disturbances,  which  are  still  not  fully  understood,  the  eastern  Himalayan 


K.  J.  SHmikJli.  op,  cit, 

106 

B.  W.  Newman,  Australia'*  Highest  Daily  Itainfall,  A ustralian  Metenroi  Mag,  No.  20,  pp.  61-65,  Mar  1958. 

I1.  S.  Environmental  Mrirnrr  Serving  Administration,  Environmental  Dala  Service,  Ijocal  Climntoiigiml Data; 
annual  nummary  wilh  comparative  dala.  1967,  l.ihue.  Hawaii.  Washington,  I).  C„  (ipn,  |968. 

L II.  Searnon  and  l>.  S.  Martlet  I,  op,  cit . 

! 09  „ . 0 . ... 

► It.  J.  Schmidli, op.  rif. 

110  I)  Hep  rung,  M(.  Waialeale,  Wetter  und  6e6en,  Vienna,  Vol.  19,  No.  5/6,  pp  95-100,  1967. 

J.  M.  Walker.  The  Monsoon  of  Southern  Asia:  a review.  Weather,  Vol.  27,  No.  5,  pp.  178-89.  1972. 


33 


U#. 

’/ 


r p?.l  ■iii  iipj),i?  y i ■ jJg^mi»»  <v  u* ' j 


TOSS^fB 


foothills  an*  v(*ry  wet  regions.  Cherrapunji  is  I ora  led  in  this  area  a(  25o02*N.  9I°0H‘K.. 
4,309  feet  in  elevation.  The  annual  precipitation  record  there  is  based  on  a 74-year 
period,112  In  addition  to  the  Asian  record  for  animal  mean  precipitation,  Cherrapunji 
also  holds  records  for  tin*  world’s  greatest  rainfalls  for  various  durations  of  from  IS  days 
to  2 years.11,1  Among  them*  are  tin*  greatest  rainfalls  in  1 month.  366  inches  in  July 
1861,  and  in  12  months,  1042  inches  from  August  IHtiOtoJnly  1861.  The  greatest  • 
amount  for  a calendar  year  at  Clierrapiinji  is  905.1  inches  and  the  least.  282.6  inches. 1,4 
Another  place  in  this  Himalayan  region.  Mawsynram.  Assam,  could  be  a rival  to 
Clierrapiinji.115 

South  America’s  greatest  annual  mean  rainfall 
3 #4  inches 
Qnihdo,  Colombia 

Qnibdd  is  situated  at  an  elevation  of  120  feel  at  5°4l‘N,  76°40'\V.  A 
rainfall  average  of  413  inches  at  (l)nihdn,  luised  on  data  from  1931  through  1946  taken 
from  Colombian  sources,11*  117  was  cited  on  the  1964  revision  of  the*  H eathvr  Extretnvs 
map.  Earlier  maps  cited  a value  of  342  inches  at  Hnena  Vista,  Colombia.118  The  value 
of  354  inches,  shown  on  tin*  current  revision,  was  obtained  from  Environmental  Data 
Service.1 19 

North  America's  greatest  annual  mean  precipitation 
262  inches 

Henderson  Lake,  British  Columbia 

This  station  vasal  a fish  hatchery,  now  closed. at  the  head  of  Henderson 
Lake  on  tin*  we.it  coast  of  Vancouver  Island  at  49°0HfN  1 25°08#W,  elevation  12  feel. 

Tin*  topography  there  contributes  to  extreme  rainfall  through  orographic  lifting 
reinforced  by  convergence.120  Mountains  to  the  north  and  northwest  of  the  station  are 
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If.  S.  Environmental  Science  Servirrs  Adminislralion.  Worldwide  Extremes  of  Tempera  tw%  /Ycripi/u/ioM  mu/ 
/Vmiut*1  Recorded  by  />>ii/iiirii/a/  drea.  op.  ri/. 

J.  L II.  Paullnis,  op.  ri/. 

II.  S.  En /iron  menial  SeMitee  Services  Xdminisl ration.  8or/du'i</e  Extremes  of  TVmpmi/urr.  l'reci\ntntioo  nwi 
fteuure  Recorded  by  Continental  Arm , op.  ri/, 

A.  M.  Hiabchikov,  C.hcrrn|>inid/.hi  ili  MainMi<raiii*saiiine  ilnzlullivoe  uicslo  ma  Zemle’f  | ( *Iivit;i pnnji  or 
Mawsyiiram  Which  is  the  Ramie. si  S|m»I  on  Earth?  | Mosrow,  I mversiici,  Yesliiik,  Srr  5.  (#ro^rafiia.  \ nl, 

No.  X [ifi.  79* At,  1970. 

Colombia,  llol  A&X  belwern  1020  and  1917. 

(Colombia,  Depart memo  de  Irragaririn,  Srrcidn  de  Meleomlrigirn  y Afros.  Anuar  mvteorol,  108 1-10-17. 

\„  II.  Seamon  and  (i.  S,  Rarilcll.  op.  at. 

M,  A.  Arkin,  Chief,  roreign  Rranrli.  Environmental  l>ala  Serviee.  I!.S.  Knvironineiital  Srienre  Sr  r vires  \d  minis- 
I rnl ion,  correspondence  da  till  (i  Del  60. 

J.  0,  Poller.  Record  RreriniUt t ton  on  One  Day  in  Cum «/«.  CtK!  aMiII  Canada.  Melrorolouirnl  1 1 ranch.  Voronin. 
1068. 
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iit  right  angles  to  the  main  inflows  of  moist  iiir.  \ direct  onshore  flow  of  moist  air  tiui  v 
1m*  deflected  hv  tin*  mountains  and  comerge  in  tin*  Henderson  Lake  area.  During  these 
conditions.  it  is  also  likely  that  tin*  outflow  in  tlic  lowest  level  from  Juan  tit*  Kot  a Strait 
adds  to  tin*  convergence.  \ nearby  station.  Ucluelct  Brvnuor  Mines,  liatl  tin*  greatest 
I -day  |irt'ci|>it;i#  ion  in  Canada.  I*). 26  inches.  Henderson  Lake  Iratl  tin*  second  greatest 
amount.  16.61  inches,121  as  well  as  North  America's  greatest  precipitation  in  I year, 

320  (3I<).78)  inches  in  1<H\.'22 

b.  lieast  Precipitation.  (irnerally.  arras  of  low  precipitation  occur  in  con- 
tinental interiors,  on  l<*t*  sides  of  high  mountains,  on  coasts  adjacent  to  cool  currents,  in 
/.ones  of  higher  atmospheric  pressure  where  (lit*  air  is  sol  siding,  and  in  high  latitudes. 

\rid  areas  are  foiuitl  in  east  MViea  and  adjrccnt  soiilhwisl  Asia  betweeti  1oc  and  45°N. 
western  South  America  hetweeit  .1°  ami  40°S.  t*asl<*rii  St. nth  \mcrica  between  3!>°  and 
r>t)°S.  wt*stt*ru  \friea  belwt*eu  lo°  and  4*>°S.  wt*slern  and  interior  \ustralia.  interior 
Asia.  parts  of  western  North  America  between  2.1°  and  40°N.  and  in  tin*  polar  regions. 

As  with  ret  ttrtls  of  high  a\erage  pri*eipitatioii.  those  of  low  a\erage  precipitation  vary 
according  tti  the  years  on  which  they  art*  based  and  tend  It)  lit*  nutrt*  reliahh*  for  a 
longer  period.  In  some  \ery  tlr y area*,  r.g..  Chile  and  Sudan,  several  years  can  pass  with 
no  precipitation. 

c.  Precipitation  Variability.  Narrations  in  precipitation  can  he  upward; 
i.c.»  occurrence  of  above-average  amounts.  t)r  dow  nward:  i,e..  occurrence  uf  below  j 
average  amounts  or  even  drought.  Among  the  factors  causing  them  are  displacements 
ofoe<*au  currents  and  differences  in  strength  of  the  monsuonal  eirenlation  from  year 
to  year.  Coasts  adjacent  to  cold  currents  are  generally  dry.  Imt  if  the  current  deviates 
e\en  slightly . making  room  for  warmer  water.  relali\ely  abundant  rainfall  can  occur,  as 
in  the  coastal  areas  of  Chile  and  Peru.  Disastrous  droughts  in  northeast  Brazil  might  hi* 
due  to  the  opposite  occurrence,  imasion  of  warmer  water  by  cold  currents.  The  other 
IVelor,  differences  in  sin  ugtli  of  moiisoonal  circulations,  is  most  pronounced  along  the 
borders  of  areas  covered  by  these  seasonal  winds.  During  years  ol  weak  monsoon,  less 
territorv  is  co\ercd  by  the  rain-in  ariuir  winds  and  less  rain  i*  deposited  by  them. 

Dehuiidselia.  ( iamemoii.  has 
To  im,lies 

a\cragc  \ariahilily  of  annual  precipitation 

The  a\i  rage  and  relali\<  variability  of  aiumal  precipitation  at  4B4  place* 
throughout  the  world  were  tabulated  by  K.  Hi»|.12i  and  examined  -talistically  by 

1 2 1 

I ).  M I .«  mI  In  in.  <>\k  t il. 

I ^ 

" //Mi/. 

1 2.1 

I Mid.  !)n  \ ri .nidi  r|i<  Irk*  il  tire  »!<•»  Nii-iIitm  lil.i*j*  ;iul  <l*-r  I-  r*li-  | I hr  \ ,i 1 1*1  Itilil \ ol  lh<  >r,trU  \inntm< 

nl  I’rn  ifHt.ittuirnt  I In  I .11  III  |.  I him  Orthvrrh  /i,  \ ol-.  II  I*.  1 1| ».  1*1*1111,  I *)J«), 


-J^  'I'UI  111  b . IJHH 


III!  I^J,U.i;>>iWiJm|P||L>a|MW,P 


V,  Conrad.124  Pla with  greatest  average  variability  (differences  between  mean  value 
and  individual  yearly  value  averaged  for  a given  number  of  years)  were  Dcbniidsclia. 
Cameroon,  and  Cherrapnnji,  India,  with  75.28  and  66.02  indies,  respectively.  Debiind- 
seha  is  located  at  4°0rN,  9°0rE  at  30  feet  elevation,  and  has  the  greatest  average  annual 
precipitation  in  Africa,  405  inches.  Cherrapunji  lias  the  greatest  average  annual  precipita- 
tion in  Asia,  450  inches,125  Because  the  rainfall  amounts  at  these  places  are  so  high,  the 
average  differences  from  year  to  year  can  lx*  correspondingly  high  without  licing  extreme 
in  proportion  to  tin*  mean.  In  addition  to  having  a very  high  average  variability  of  annual 
precipitation,  Cherrapunji  may  hold  the  record  for  the  highest  actual  amount  of  variabil- 
ity. The  difference  lietween  the  greatest  amount  of  precipitation  there  during  a calendar 
year,  905. 1 , and  tin1  least  amount,  282.6,  is  over  600  inches.126 

Themed,  Israel,  has  a 
94  percent 

relative  variability  of  annual  precipitation 

Themed  is  a desert  station  on  the  Sinai  Peninsula.  Its  relative  variability 
record  is  based  on  the  ratio  between  the  mean  deviation  from  the  arithmetic  mean  of 
annual  precipitation  for  a period  of  years  licgtmuug  in  1921  and  ending  in  1947  and  the 
arithmetic  mean  for  those  years.127  Other  places  with  high  values  based  on  this  same 
measure  of  variability  are  Walvis  Bay  al  22°53'S,  I4°26'E  in  South-West  Africa  with  87 
percent,128  and  Malden  {stand  in  the  Line  Inlands  of  the  Equatorial  Paeifit  with  71 
percent.129  Walvis  Bay,  like  Themed,  is  a very  dry  area  and  because  the  rainfall  amounts 
t ’hese  places  are  so  low,  a small  variation  in  actual  amount  ran  become  a large  percent* 
age  of  the  mean  value.  Maiden  Island's  average  vaitamtily  uf  28.24  im  hesfrinn  its  mean 
annual  precipitation  of  28.6  inches  is  thought  to  hr  due  to  displacement  of  ocean 
currents.130 


The  relative  variability  of  iiionthlv  rainfall  can  have  much  higher  values. 
\ value  of  193  percent  for  September  has  lieeii  cited  at  Beershcha,  Israel  (3I°I  Vi\, 
;14°47'K)  where  rain  fell  in  only  one  of  30  Septembers  from  1921  through  1 950. 131 
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Tliis  almost  reaches  tin*  theoretical  upper  limit  of  200  (lerccnt  determined  analytically  hy 
Sehu maim  and  Mostcrt.132 

Lhasa,  Tibet,  had  u 
108  percent 
relative  variability 

of  annual  precipitation,  1935  through  1938 

Lhasa  is  located  on  the  Tibetan  plateau  at  29°40<N,  91°07,E,  elevation 
12,090  feet.  It  is  in  an  approximately  east-west  valley  flanked  on  both  sides  by  moun- 
tains of  15,000  to  16,000  feet.  Its  climate  has  lieen  deseril>ed  by  (Jinn-T/e  llsii,  who 
established  a meteorological  station  there  in  1934, 133  and  also  hy  \.  Ln 1 34  and  II. 
Flohn.135  Data  for  1935  through  1938  from  Lu's  paper136  were  calculated  by  Conrad's 
methods137  to  obtain  the  average*  variability  of  67.7  inches  and  a relative  variability  of 
108  percent. 


In  1936,  the  animal  precipitation  reported  for  Lhasa,  198.3  inches,  was 
more  than  1 0 times  greater  than  tin*  average  amount,  llowevei , there  is  some  doubt  as 
to  the  authenticity  of  the  amount  of  precipitation  recorded  for  1936.  Flohn  considers 
the  value  (piestionablc  and  attributes  it  to  a possible  misplacement  of  a decimal  point 
by  a partly  educated  weather  observer.138  On  tin*  basis  of  Lifs  data  and  data  for  most 
of  the  years  from  1941  to  1955.  Flohn  found  no  amounts  that  even  approached  that  of 
1936.  The  highest  was  22.9  inches.  The  frequency  of  precipitation,  as  indicated  by  the 
nnniher  of  rainy  days  during  19.16,  was  not  unusual.  Furthermore,  (Jvanlse.  in  tlx* 
same  climatic  region  as  Lhasa  at  28°56’N  89°36,F.  elevation  10,486  feet,  had  no  simi- 
lar extreme  variation  in  a 38  year  jieriod.  In  1936,  C»y  anise  had  only  13  inches  more 
than  the  average  precipitation. 


However,  llsii  was  at  Lhasa  in  1936,  presumably  as  tlx*  station  observer 
or  supervisor,  and  lie  wrote  ahold  the  unusually  heavy  rain  and  its  causes139  and  in- 
formed  Lu140  of  tlx*  difference  lietwccn  the  rainfall  in  1936  and  in  other  years. 
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Nonnullx.  rainfall  at  Lhasa  mines  from  thundershowers.  hut  in  1946.  onlx  24  permit 
was  of  this  t\  | m*  and  69  permit  was  from  nighttime  min.  possihlx  eaused  In  inlrrartion 
between  a strong  southwest  monsoon  ami  eold  air  masses  from  tlar  north.141  In  another 
paper.  Ln  deseribed  a similar  extreme  variation  at  Unioi  Shan,  (ihiiia.  to  tin*  oast  of 
Lhasa,  at  approximately  29°4(PN.  I04°4H‘K.  rlrxation  10.024  feet.142  Tin*  annual 
inrun  tlirrr  is  74  inrhrs.  Imt  tliiriii^  tin*  Srroml  Polar  War  from  August  ! 942  to  August 
1944  Oinri  Slum  hail  HIM  inrhrs,  " . . . tin*  largest  amount  ever  reeorded  in  China  in  a 
l4inonth  period  . . . . " 143  This  differenee  of  246  inrhrs  between  (hr  animal  inrun  ami 
tin*  August  1942  to  August  1944  vuJnr  isrvrn  greater  than  I hr  differenee  hrtwrrn 
Lhasa's  annual  niran  and  its  1946  |irrri|iitntion.  Holm's  |iu|ht  also  mentioned  Oinri 
Shan.  Imt  his  figures  differ  somewhat  from  Ln's  w itli  a 24ineh  annual  inrun  ami  400 
inrhrs  in  tin*  Srroml  Polar  ^ rar.  making  a differenee  of  274  inrhrs.144 

(I.  Hail. 

I .S.  largrst  hailstour 
I 7.4  inrhrs  rirrniufrrrnrr 
Coffex  xillr.  Kansas.  4 Septeinlier  1970 

Hailstones  are  | hr rrs  of  irr  wliirh  fall  as  preeipilution  ritlirr  separately 
as  spheres  or  rones  or  agglomrratnl  into  trrrgnlar  huii|is.  They  originatr  in  ronxrrtixr 
rlomls  of  thr  emnnloiiimlms  t \ pe  ami  arr  usually  assoeiated  w itli  tlnnulrrstorius.  Thr 
hailstour  at  Coffey  xillr.  47°02'N.  94°47'\\  is  thr  largrst  offieially  reeorded  in  thr 
l nitrcl  Stairs.  It  was  irrrgnlar  in  shape  ami  weighed  I .(>7  pounds.14*  It  I'rll  during  a 
sexere  storm  with  Inunlrrds  of  otlirr  large  flours  and  x\a*  preserxed  ami  suit  to  thr 
National  O uter  for  \tinosphrrir  |{rsruvrh  where  it  u;r  photographed.  Thr  prrxions 
offirial  record  for  largest  hailstone  in  the  l niled  Sluter  which  appeared  on  the  earlier 
U rather  I'xlrcmrs  maps,  was  fora  hailstone  that  weighed  1.4  pounds  and  im'U'iired  17 
inches  in  eirrninfrrenee.  It  was  reeorded  .it  Poller.  Nebraska,  on  6 |nl\  1940. 

Claims  liaxr  hern  made  of  large  haiMom  - in  many  plan*'*.  < )ur  hailstone 
weighing  972  grams  (2. 1 l pounds)  was  pi<  krd  np  ami  phoSgiapL  d in  Strasbourg. 
I'Yanee,  near  the  (ieriiinu  border  on  II  \iign-l  194H.  ami  a lir.nin  oim*  n!  t. 9 kilograms 
[ L IK  pounds)  was  rollrrlrd  in  Kazakhstan  t .S.S.K.  in  I 949. Ml*  hi  a ie\ i«-w  14  ofa 
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Iliiii^ariaii  publication. I4H  il  is  noted  (hat  hailstones  reported  in  (hr  publication  weighed 
it.."  to  hO  kilogram"  (it  to  0 pounds)  compared  to  a weight  of  less  than  I kilogram  lor 
(hr  one  at  ColTrx  \illr.  Thrsr  Hungarian  hailstones  IVII  at  Sojlor  xillagr  in  /ala  connlrx 
in  \ngiist  I 7H0.  hill  " . . . prohahlx  a I’rxx  hailstones  wrrc  clustered  together  ,4l> 

liailstonrs  wri'lmig  n |»  to  7.o  pounds  liaxr  horn  reported  from  India  and  up  to  10 
|miiiimIs  from  ( lliina. €SW  liailstonrs  in  thrsr  countries  arr  said  |o  ha\r  killrd  people  and 
animals  and  destroyed  x ilia grs.m  152 

o.  Snow.  Tlirrr  arr  two  main  wax  sol  measuring  snow  fall  depth:  hx  dirrrl 
inrasnrrnimit  of  fresh  siioxx  on  open  ground  with  a graduated  rnlrr  or  sralr.and  hx  a 
snow  gage,  IVrranlions  nrrd  lo  Im*  taken  against  cMl  ting  nr  blowing  snow,  or,  if  thr 
o|H‘ii  ground  mrtliod  is  used,  against  iiirasnrrnirnl  of  old  snow.  Whrn  tlirrr  arr  strong 
winds,  thr  snow  gage  is  more  arrnratr.  Creates!  amounts  of  snow  fall  - as  of  rainfall  - 
occur  in  arras  xxlirrr  tlirrr  is  moist  ail  and  a mechanism  for  lifting  it.  They  tend  to 
orrnr  in  thr  middlr  lalilndrs  ralln  r than  at  thr  xrrx  high  latitudes  wlirrr  tlirrr  is  Irss 
moistnrr. 


North  \mc  rira  s greatest  24  hour  snow  fall 
70  iindirs 

Silvrr  I ,akr.  Colorado  14-15  \pril  1021 


Silxrr  Lake  is  located  at  approximate!)  I0°\,  I05u I0r\\ . at  10.220  IVrt 
rlrxation  in  thr  Colorado  liockics.  Thr  snowfall  there  in  \pril  1021  rstahlislird  scxcral 
rrronls:  75. H inrlirs  in  2t  hours,  prorated  from  a mrasnrrd  fall  of  H7  inches  in  27..") 
hours.  0."  inrlirs  in  42.5  hours.  OH  inrlirs  in  72  hours,  and  100  inrhrs  in  Ho  hours. 

\rc  circling  lo  Panllnis.  thr  nirasiirniirnl  was  examined  thnrnnghlx  Indore  bring  accepted 
hx  thr  l ,S.  Wralhrr  Unreaii.154  *\  . . There  was  no  rxidrnrr  to  indiratr  that  thr  mra 
si i rr n h i 1 1 was  anx  Irss  rrliahlr  than  that  of  olhrr  liraxx  snowfalls,  and  it  appears  that  a 
snowfall  of  this  magnitude  is  iih  Icorologirallx  possible*  . . . Thr  maximum  amount  of 
>now  that  ran  fall  in  24  hours  lia<  hrrn  rstiinatrd  as  approximately  72  inrlirs  for  snow 
with  a drnsitx  of  t).  I 0 nndrr  normal  parking  conditions  and  correspondingly  greater  lor 
lesser  dnisilx  2^  Thr  density  of  flu*  snow  at  Silxrr  Lakr  xxas  0.06. During  thr  storm. 
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thunder  orrurrrd  in  xarioiis  |Kirl>  of  tin*  region.  indiealiiig  widespread  eoiixeelixr  arliv- 
ilx . and  (hr  enmhmed  eonxerlixe  ;iml  orograpllie  iiitlnriiro  prodneed  rxrrssixr  amounts 
of  snow  ill  srxrral  plarrs.  *n  iiihlition  lo  the  rrrord  ill  Silxer  Lake.  ii  hill  of  62  iiirhrs  in 
22  Ilnurs  \\iis  reported  ill  Im*x  V Itaiiell.  Colorado:  both  of  these  rxrmlnl  llir  |>rrxions 
l .S.  rrrunl  of  60  iiirhrs  in  24  hours  ill  (haul  Forest.  California.  in  Jannarx  M)44.l>7 

Alaska's  greatest  snowfall  in 
21  hours.  62  iiirhrs.  20  Drreinlier  1655 
one  storm,  I To  iiirhrs.  26*4 1 Drmnhrr  I 655 
olir  smson  074  iiirhrs.  10.12*1054 
Thompson  Pass 

This  slalioii  is  in  south-rentral  Alaska,  at  6I°07#!N.  1 45°  I4#\\ . rlrxalion 
2.700  ft.  Il  ranks  nrar  tlir  lop  among  plan  s holding  North  Amrriran  reeords  for  Ihr 
greatest  amounts  of  snowfall  in  24  hours,  during  a single  storm  and  during  a smson. 
Besides  this,  Thompson  Pass  has  r\lrrmr|y  fre<|iienl  orriirrriirrs  of  these  illlrnsr  snow* 
storms.  During  Ihr  20  winters  from  1051-52  through  1070-71,  there  were  52  snow- 
falls of  40  iiirhrs  or  more  during  a 24  hour  obsrrxation  (w  riod  rrporlr  I al  this  station, 
and  1 2 of  tlirsr  snow  falls  were  al  least  40  inehes.,5S 

Hrssans,  Frailer,  had  a snowfall  of  60  iiirhrs  (67.7) 
in  10  hours,  5*6  April  1050 

Bessaiis  is  loralrd  al  I 710m  (5,610  feet)  in  the  Freneli  Alps  near  the 

Italian  horiler.  Very  intense  snowstorms  orriir  in  this  area  as  the  rrsnll  of  a South  Fast 

* 

wind,  known  I oral  lx  as  *'la  louihardr."  These  storms,  of  wliieli  the  one  al  liessans  is  a 
good  example,  are  also  very  loeali/ed:  the  meteorological  and  emironmeiilnl  eoiiditious 
rontrihiiling  toward  them  are  examined  hx  M.  Jail.159  Parts  of  Nor  wax  also  have  xerx 
high  244ionr  snowfalls,  as  do  parts  of  iiorlhxxestrrn  Japan  and  some  other  xxorld  areas. 

In  (his  eomieetioii,  it  should  Im*  mentioned  that  the  predomiiianee  of  North  American 
records  in  our  listing  (see  the  lahlc.  pages  7-15)  is  due  to  their  axailalnlitx  rather  t ha* i 
to  greater  amounts  of  snowfall  on  this  eniiliueiit. 

5.  Other  Kxtreme.s.  Besides  lem|>eniliire  and  preeipilalion.  several  other  metro* 
rologiral  and  rlimalir  ronditions  are  shown  on  the  maps.  For  eaeli  of  these,  the  most 
extreme  omirrrnrrs  hnxe  their  own  jKirtieidar  set  of  causes.  limits,  and  dislrilmtions  in 
time  and  spare,  anil  for  rarli  there  are  problems  in  obtaining  aeeurate  measurements. 
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lit  evaluating  reliability  of  tin*  records.  nil  of  these  factors  should  I h*  tiikni  into 
consideration. 


a.  Thunderstorms.  \ thunderstorm  is  defined  as  . in  general,  a local 
storm  invariably  produced  hy  a cnmulonimhns  cloud,  ami  always  acrnni|>anied  by 
LKillfMMi  ami  TIILNDKIt.  usually  with  strong gusts  of  wind,  heavy  rain,  and  some- 
times II  AII,.  It  is  usually  of  short  duration,  seldom  lasting  over  two  hours  for  any  one. 
storm  , . . . **  160  Criteria  for  recording  thunderstorms  can  vary  liclwecn  storms  actually 
occurring  at  a station,  or  merely  thunder  heard  or  lightning  situ  from  the  station* 

Thunderstorms  are  most  prevalent  in  warm  weather  and.  in  some  places, 
during  the  rainy  season.  However,  although  thunderstorms  frequently  produce  heavy 
rainfall,  there  arc  places  where  seasons  of  rainfall  and  thunderstorm  maxima  do  not 
coincide.  In  addition,  some  very  rainy  places  have  few  thunderstorms,  while  places  with 
very  frequent  thunderstorms  can  have  relatively  small  amounts  of  rainfall.161 


Kampala.  I guuda  averages 
242  thunderstorm  days  |wr  year 

Kampala  is  located  to  the  north  of  Lake  \ icluria  at  l)°2lL!V  42°4hT#  at 
1.404  feel.  It  has  the  highest  iiiiiiiImt  of  thunderstorm  days  of  any  place  listed  in  the 
dor/#/  Distribution  of  Thunderstorm  Days. 162  The  record  for  Kampala  is  based  on  a 
|H*riod  of  1 0 y ears,  hnt  the  particular  y ears  are  not  given.  Ilrcaiiso  diurnal  variations  of 
air  temperature  arc  very  small  over  Lake  \ icluria  and  large  over  the  surrounding  area, 
laud  and  lake  breezes  develop  and  conditions  liecnmc  favuralde  for  thunderstorms, 

“ . . . Laud -hrec/.e  convergence  over  llie  Lake  during  the  night  releases  the  latent  insta- 
liilily  of  the  midst  lower  layers  of  air  over  the  Lake  which  participate  in  the  laud  breeze 
circulation.  resulting  in  the  development  of  cumulonimbus  clouds  and  thunderstorms 
over  the  Lake  on  most  nights  of  tin*  year  . . , . \\  lieu  then*  slurms  are  close  enough 

for  thunder  to  he  heard  at  Kampala,  they  are  counted  as  ihuudcMorms  there  even 
though  they  do  md  actually  reach  lie  |own.164  In  addition  to  these  night  storms,  others 
develop  overland  at  certain  time*  of  t In-  year  from  afternoon  convection  at  110*  lake 
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breeze  front.165  Tints,  tin*  Kampala  area  is  subject  to  frequent  thunderstorm  activity, 
ami  nearby  stations  sueh  as  Entebbe  and  Kisumu  also  average  very  high  numbers  of 
thunderstorm  days  per  year.166 

Bogor,  Indonesia,  averaged 
322  thunderstorm  days  per  year 
1916-1919 

Bogor,  formerly  Buitenzorg,  is  located  on  the  island  of  Java  at  6°30'S, 
106°48'E.  The  mean  annual  number  of  thunderstorm  days  recorded  there  changed  from 
151  iti  the  years  1841  1857  to  322  in  1916-1919:  it  ranged  front  4 to  41  for  the  years 
1953  tlirough  1962. 167  These  differences  might  reflect  changes  iti  the  criteria  for  record- 
ing thunderstorms.  For  instance, 44 . . . during  a certain  |ieriod  . . . . " Bogor  recorded 
lightning  seen  in  addition  to  thunder  heard  attd  thunderstorm  at  the  station.168  Also, 
the  interpretation  of  322  iti  the  Bogor  record  is  doubted  by  \V.  II.  Portig169  and  others 
who  consider  that  it  represents  the  44  . . . meatt  numbers  of  occurring  thunderstorms 
and  not  I lie  mean  nurnlxr  of  days  on  which  thunder  was  heard  . . . . " According  to 
Portig,  the  44 . . . absolute  occurring  maximum  . is  indicated  bv  statistical  curves 
to  be  ". . . approximately  250  or  260  thunderstorm  days  annually,  although  such  a 
location  has  tint  as  ye!  been  found  ....  ^ 170 

b.  Air  Pressure.  The  pressure  value  for  a given  unit  area  of  surface  very 
nearly  represents  tin1  actual  weight  of  a vertical  column  of  air  of  the  same  unit  area 
extending  upward  from  that  surface  to  the  top  of  the  atmosphere.  At  sea  level,  this 
column  of  air  averages  about  14.7  pounds  (29.92  inches  of  mercury)  per  square  inch  of 
exposed  surface,  hut  the  weight  varies  with  latitude  and  with  changes  in  daily  weather. 

It  falls  with  altitude  from  an  average  of  31.3  inches  in  the  earth's  dee|xst  depression. 
1.300  feet  below  sea  level,  lo  less  Ilian  half  (hat  amount  (about  14.9  inches)  at  18.000 
feel.  \t  the  top  of  the  world's  highest  mountain,  29.028-foot  Ml.  Kvere>|.  il  would  lie 
about  9 inches. 


Air  pressure  is  usually  measured  bv  mercurial  or  aneroid  barometers. 
The  former  balances  pressure  of  the  atmosphere  against  (lie  weight  of  a column  of  mer- 
cnr\ . The  aneroid  or  elastic  Ivpe  contain*  a hollow  metal  chamber,  partly  emptied  of 
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air  and  scaled,  which  expand;'  and  contracts  as  the  pressure  changes.  Mercurial  barom- 
eters are  generally  more  accurate,  hut  the  aneroids  an'  smaller  and  more  portable. 

Since  mercury  is  affected  by  tcrn|X'rature  and  gravity,  adjustments  must  Ik*  made  in  the 
readings  of  mercurial  barometers  to  allow  for  these  factors.  Also,  in  order  to  standard- 
ize readings  of  any  kind  of  barometer  when  math*  at  different  times  and  places,  adjust- 
ments are  required  to  compensate  for  errors  in  the  individual  instrument  used  (index 
error)  and  for  differences  in  altitude.  For  the  altitude  correction  the  station  pressure 
readings  are  usually  equated  to  sea  level  pressure,  and  these  are  the  values  which  are 
recorded.  There  are  possible  sources  of  error  peculiar  to  each  type  of  barometer,  as 
well  as  errors  that  could  result  from  making  the  various  ty|>es  of  adjustments.  For 
example,  different  values  can  be  obtained  when  different  methods  are  used  for  reducing 
the  actual  or  station  pressure  to  its  sea  level  equivalent. 

(1)  High  Pressure.  The  highest  station  pressures  occur  at  the  lowest 
elevations;  i.e.,  in  depressions  below  sea  le\el  such  as  Death  Valley . California,  where 
the  lowest  point  is  -280  feet:  the  Qattara  depression  in  northwestern  Fg\pt.  with  a 
miuiinuin  elevation  of  -486  feet:  and  the  shores  of  the  Dead  Sea  between  Israel  and 
Jordan,  at  -1,286  feet.  In  the  Dead  Sea  area,  a station  pressure  of  81.91  inches  was 
reported  at  Sedoui  (the  hihlieal  Sodom)  on  21  February  1 96 1 . 171  Another  depression, 
the  Turlaii  in  central  Asia  at  approximately  41°N.  90°K.  is  thought  to  ha\e  station 
pressures  similar  to  or  e\en  higher  than  those  of  the  Dead  Sea  area.172  Ilowexer.  after 
the  adjustment  to  sea  level  is  made  lor  pressure  readings  at  places  below  sea  le\el.  (he 
\ allies  recorded  are  lower.  At  or  near  sea  le\el,  high  pressures  occur  along  Arctic 
coasts.  Values  of  8 1 .87  inches  (8 1 .88  sea  level  cqni\aleul)  and  of  8 1 .40  inches  (8 1 . 1 1 
sea  lc\cl)  ha\c  been  recorded  at  (‘.lytic  in  northeastern  Canada  and  at  My  gghukta  in 
Fast  (ireenland  on  Mi  January  l91Haud  1.1  January  1940.  respectively  tm  174  \t 
stations  a ho\e  sea  |e\e|  (lie  pressure  readings  are  actually  lower.  Imt  w lien  equated  to 
their  sea  le\cl  equi\aleuts.  the  \ allies  recorded  are  higher. 

Worlds  highest  >ea  lr\el  air  pressure: 

82.01  inches 

Again.  I .S.S.H..  81  December  I960 

The  highest  recorded  pressures  oeeur  ill  Siberia  during  winter. 

\gala  is  loeatrd  in  this  area  at  66°18’Y  98°20T‘,.  e|e\a(iou  till  feel.  Tin*  high 
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pressure  record  there  was  the  culmination  of  an  intense  anticyclone  which  originated 
in  East  Siberia  on  22  December  and  continued  until  2 January  when  it  declined  some- 
what as  it  moved  south  and  west  into  European  Russia.175  On  31  December,  seven 
stations  in  north-central  Siberia  had  air  pressures  above  31. .>65  inches  (1.070  millibars). 
The  weather  was  clear  and  calm  with  temperatures  between  40°  and  -50°C.  Previous 
world  records  for  high  pressure  wen*  31.84  inches  at  Barnaul,  Silieria.  in  1000  and 
31.75  inches  at  Irkutsk.  Siberia,  in  1893. 


ft 
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(2)  Low  Pressure.  The  lowest  station  pressure*  occur  at  the  highest 
altitudes; e.g.,  in  the  Himalayas  of  Asia,  the  Andes  in  South  Ameria,  and  tin*  Rockies 
in  western  North  America.  Beginning  at  about  4.000  feet,  tin*  average  station  pressures 
an*  lower  than  the  most  extreme  low  pressures  that  occur  at  sea  level.  At  tin*  approxi- 
mate upper  limit  of  weather  stations,  13,000  feet,  standard  pressure  is  16.90  inches 
and  the  extreme  lowest  is  estimated  at  about  14.76  inches.176  At  sea  level,  the  lowest 
pressures  and  most  rapid  falls  in  pressure  occur  during  hurricanes  and  tornadoes. 

4t.  . . \ecnratc  pressure  measurements  by  a recorder  directly  in  the  center  of  a tornado 
have  never  been  made  . . . .,,|?7  but  various  estimates  are  available.  According  to  one 
estimate,  the  drop  in  pressure  can  be  as  great  as  one  fifth  of  an  atmosphere,  i.e.,  about 
6 inches. 178  Other  estimates  are  for  “. . . a reduction  of  no  more  than  one  fourth  of 
the  pre-existing  pressure  . . .**  which  could  occur  . . within  15  seconds  . . .Ml79  and 
a drop  of  1 .5  pounds  per  sipiarc  inch  (3  inches)  and  a time  clump*  of  0.5  psi  ( 1 inch) 
per  second  in  pressure  of  tornadoes  with  200-mile  per  hour  w inds.180 


Worlds  lowest  air  pressure  at  sea  level 
(excludin'!  tornadoes) 

25.90  inches 

estimated  by  aerial  reconnaissance  in  eye  of  Typhoon  Ida  at 
* 19°N.  135°E.  24  September  1938 

Reliability  of  the  estimated  record  has  been  evaluated  by  Jordan.181 
It  was  based  on  a dropsoiidc  observation  made  from  the  700-millibar  level  by  a 
1*.  S.  Air  Force  reconnaissance  aircraft  of  the  54th  Weather  Reconnaissance  Sipunlron. 
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ill  m mt  fiOO  miles  northwest  of  Cnaiii.  In  the  observation.  tin1  700-in  ill  il>;ir  height 
was  determined  front  the  pressure  and  radio  iiltimeters  aboard  the  aircraft.  and  the 
K.’O  niillihar  height  ami  sea  le\e|  pressure  were  computed  from  temperature  ami 
liinmditx  data  measured  hx  the  aircraft  instruments  at  flight  level  ami  l>\  the  drop- 
sonde  instrument  at  lex  els  heloxv  the  aircraft.  According  to  Jordan,  tin*  sounding 
was  found  to  he  hx  drostaticallx  consistent  and  the  xertical  temperature  distribution 
was  realistic.182  A source  of  major  error  in  this  type  of  measurement  would  he  in 
the  aircraft  altimetry,  but  on  reconnaissance  aircraft,  calibration  checks  are  a routine 
part  of  each  flight.  Dropsondc  observations  from  two  other  aircraft,  made  about  tt 
hours  earlier  and  23  hours  later,  respectixely.  both  reported  sea  lex e|  pressures  lower 
than  the  prcvinuslv  accepted  lowest  pressure  of  26. Iit5  inches  from  the  SS.Sn/M#erai. 
Lower  values  than  the  Nupoereu  's  were  also  reported  in  195!}  during  Typhoon  Nina,  1 
xxith  dropsondc  sea  level  pressures  of  H86  millibars  (26.17  inches)  and  ittt!t  millibars 
(26.04  inches). IW  However,  the  record  taken  on  the  .SVi/iocreu.  460  miles  cast  of 
Luzon.  Philippine  Islands,  on  lit  August  1927  was  an  actual  measurement  rather 
than  an  estimate,  ami  it  remains  the  lowest  measured  pressure  at  sea  level.*84 

c.  Solar  Radiation.  Measurement*  of  the  flux  of  solar  radiation  penetrat- 
ing to  the  loxvcr  layers  of  the  atmosphere  can  he  snhdixided  into  several  main  classes. 
Values  considered  here  an*  for  global  solar  radiation  received  on  a horizontal  surface. 

" . . . This  includes  both  radiation  received  direct  from  the  solid  angle  of  the  sun's 
disc  and  also  radiation  that  Iras  Ikm*u  scattered  or  diffuse!)  reflected  in  traversing  the 
atmosphere  . 185  Such  measurements  are  usual!)  made  with  pyranometers,  and, 
as  in  all  radiation  measurements,  considerable  care  and  attention  to  detail  is  required 
to  insure  accuracy.  Several  points  to  Jw*  evatuatnl  in  estimating  accuracy  of  radiation 
measurements  are  listed  in  the  W MO  Guide. 186 


South  Pole  has 
955  Langleys 

average  daily  insolation  in  December 


The  world's  highest  daily  amounts  of  solar  radiation  arc  received  on 
the  Antarctic  Plateau  during  summer  when  there  are  24  hours  of  continuous  daylight.*87 
The  North  Polar  area  also  has  continuous  daylight  during  its  summer,  hut  at  that  time 
of  the  year  the  earth  is  about  3 million  miles  further  from  the  sun.  Consequently, 
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uIhiiiI  7 poroont  moro  solar  radiation  impinp*son  llio  lop  of  llio  Vnlarolio's  a lino- 
splioro  Ilian  on  tho  ArrlirV  during  in iilsii m iiM*r« ,8B 

Tho  Soul li  Polo  roronl  was  ohtainod  In  a \ ora  put;  daily  \alnosnf  liomi- 
sp*  rio  global  solar  radiation,  whioh  woro  availahlo  from  Vmnndsoii-Soolt  Slalion  lor 
(In*  Uooomhors  of  l<)5B  through  MKu.18'*  Tho  rosnllaiit  valno  was  U54.6  lan^lovs. 
\mmnls‘N-S<  o| I is  looalod  al  an  olovulion  ol  O.lllfi  lool.al  fM^S.  llowovor.  llioavor- 
ago  daily  insolation  omild  ho  proa  tor  al  ollior  slalions  in  llio  Aiilarolio.,go 

\lalanp\  Angola  had  a solar  radiation  of 
I 1 d la  Orlovs  in  ono  hour 
7 \o\omhor  I %l 


Mahnip*  is  looalod  in  wostorn  Vlrioa  al  1 G°22fK.  allitndo  5.710 

loot.  \ \ory  liij>li  roadm^nf  I 12  lant'loys  in  I hour  was  also  ohlainod  al  Windliook. 
South  Wi  sl  Vlrioa  (22°drs.  1 7°lfi'K.  allilmlo  5.(i40  fool)  on  20  DoooiiiImt  1056. 14)1 
lli£li  hourly  \alnos  of  solar  radiation  ran  Ik*  oxpoolod  al  rolalixok  low  la  I il  lidos  during 
llio  hours  of  llio  day  and  timos  of  tin*  yoar  whon  tlio  sun  is  stroup'sl  and  wlion  olond 
oovor  is  ahsonl  and  llio  air  is  as  oloar  as  possildo  from  dnsl  and  ojior  impnrilios.  Ollior 
things  Itomo  otpial,  llioy  would  loud  to  ooonr  al  llio  lii^hor  oloxalions. 


d.  Wind  S|)ood.  Of  all  llio  olomonts.  wind  is  most  xariahlo.  To  oomparo 
wind  spoods  roporlod  from  \arions  plaoos  and  linios.  inforinalioti  should  ho  known  ahont 
tho  hoit’hl  and  oxposnro  of  (lie  moasnriti"  inslrnnionl  (anoinomolor).  llio  typo  of  instrn- 
nionl  and  rooord.  and  llio  limo  inlorxal  ooxorod  hy  llio  nioasnronionl.  Wind  spood  is 
usually  moasnrod  hy  oillior  rotatin':  or  prossuro  anomomotors.  In  llio  forinor  typo.  wind 
passap*  is  inoastirod  hy  llio  rah*  of  motion  imparlod  lo  a frooly  rotating  nioolianism. 
and  a liiiiiii"  nioolianism  is  usually  ooinhinod  with  (In*  anoinomolor  lo  indioalo  (ho  ralo 
of  passap*.  IVossnro  anomomolors  nioasnro  llio  inslantanooiis  spoods  (aotnallv  atorap's 
for  ahoul  I soooml)  hy  moans  of  prossuro  offools:  i.o..  for  it  appliod  lo  a snrfaoo  or  snr* 
faoos.  Tho  limo  inlorvals  of  w ind  ohsorxalions  diffor  holwoon  oonnlrios  and  ovon 
holwoon  stations,  In  llio  l llio  oxlromo  \alnos  tahnlatod  aro:  (In*  pralosl  avorap* 
spood  oxora  .l-minuto  in«or\al.  maximum  spood;  llio  spood  of  llio  faslosl  inilo  of  wind 
from  llio  roronl  of  rotating  anniiioinotors.  o.rhomo  .spoor/;  and  llio  hi^ln  sl  roadiii"  of  llio 
inslanlaiioous  rooord  ill"  anoinoinotors.  slmtifiv&l  " ms/.1  1,2  In  addition,  oxlromo  a\orap* 
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values  are  obtained  front  reeords  of  tin*  total  wind  passage  in  eaeh  hour  from  reeording 
rotation  anemometers  at  the  priueipal  weather  stations. 195 

Winds  art*  strongest  at  the  limes  and  plaees  of  maximum  temperature 
and  pressure  gradients.  The\  iiierease  with  altitude  and  during  thunderstorms,  liurri- 
eanes,  and  tornadoes.  Ousts  are  sudden  l»ri<*f  increases  in  the  speed  of  wind,  usually  less 
Ilian  20  seeonds  in  duration. 194  and  are  known  toexeeed  200  miles  per  hour  in  luirri- 
eanes  and  tornadoes.195  A tornado  is  defined  as  “ . . . a slightly  funnel-shaped,  upward- 
spiraling  wind  eolunin  of  destructive  veloeity  . 196  Because  wind  measuring  instru- 
ments are  iiuahlo  to  withstand  the  full  impart  of  a tornado,  estimates  of  the  wind  speed 
are  made  on  (lie  liusis  of  various  criteria  siirli  as  the  amount  of  foree  that  would  he  re- 
quired to  eanse  the  resultant  damage.  Aeeurdiug  to  Lndltnn.  the  maximum  winds  in 
a tornado  probably  range  between  150  and  223  miles  per  hour.197  Knjitu  gives  a similar 
range  of  values,  173  to  223  miles  per  hour  based  on  his  investigation  of  tornadoes  or* 
enrring  in  the  stales  of  Washington,  Oregon,  and  Idaho  during  the  years  I950-1969.198 

World's  highest  snrfaee  wind 
(exelitding  loruadnes) 

231  miles  per  hour,  peak  gust,  and 
IHII  miles  per  hour.  3-niiimlr  wind  sjieed,  on 
12  \pril  1934  and 

{ . S.  highest  aiiiiual  mean  wind  speed 
33  miles  per  hour  (33.4) 

Ml.  Washington.  New  Hampshire 

\\  inds  are  stronger  at  the  summit  of  this  6. 200-loot  mountain,  at  14° 

I (V  Y 71°  I BAN  . than  lhe\  are  at  the  same  elev at  ion  in  the  free  air  some  distance  ;n«  nv . 

, This  is  pro  ha  Id  \ due  tn  ’uplift"  over  the  >lope  or  to  the  Bernoulli  effeel  iiitrodneed 
In  the  Mirrnmiding  moimtaius.  \\  inds|HM*d>  of  I DO  inpli  are  not  nueoiiimoii  199 

The  speed  of  the  peak  gust  was  nma>ured  hv  a healed  rotation  anemometer,  hut.  in 
Mieli  strong  winds,  no  apparatus  ran  reeord  the  airflow  except  approximate!) . and  aetnal 
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velocity  may  In*  in  error  liy  10  to  40  miles  per  hour.200  201  The  23l~niile-|>er-lioiir 
value  is  documented  in  the  official  records.202  A value  of  225  miles  |icr  hour,  after 
anemometer  calibration,  is  given  in  some  sources203  and  was  cited  in  previous  eiiilions 
of  the  Weather  Kxtremes  map.  Direction  of  the  wind  (luring  the  gust  was  from  the 
southeast,  the  direction  from  which  tin*  most  severe  storms  in  the  Mt,  Washington  area 
usually  come.  Its  force,  due  to  tin*  reduced  air  density  on  the  mountain  top.  waseipial 
to  that  of  about  a I80-milc*pcrdiour  wind  at  sea  level.204 

The  highest  5-miiintr  maximum  speed  at  Mt.  Washington  is  18.  .niles 
per  hour,  recorded  on  the  same  day  as  tin*  peak  gust.205  The  second  highest  gust  that 
occurred  on  Mt.  Washington  is  apparently  tin*  18*)  miles  pn  hour  estimated  during  tin* 
hurricane  of  21  Septemlier  1988. 206  The  strongest  gust  speed  that  was  actually  mea- 
sured during  tin*  1988  hurricane  was  188  miles  per  hour  (corrected)  at  the  lilue  Mill 
Ohservalort  in  Milton.  Massachusetts:*07  5-minute  speeds  at  the  ()hser\alor\  were  up  to 
I 21  miles  per  lu>ur.2(W  The  annual  mean  wind  speed  recorded  on  Alt . Washington  varies 
with  the  |tcrind  of  observation;  values  of  86.9.  87.2,  and  84.4  were  also  found.209  2,0  2,1 

Thule,  (irerulaiid.  had  a 
207  miles  per  hour  peak  gnsl 
8 March  1972 


2155  hours  (9:, 
vation  990  feel 


This  peak  wind  speed  of  1 80  kinds  (207  miles  per  hour)  was  recorded  al 
>5  p.m.)  at  an  off-base  sur\i\al  shelter  at  76°8I,20MN.  08°  |9'00H\\ . rlr 
.2I2  It  was  observed  h\  two  site  dispatchers  on  an  anemometer  capable  of 
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regbtering  winds  of  up  to  276  miles  per  hour.  It  occurred  at  a consul  Tiilils  lower  eleva- 
tion ’hail  the  peak  gust  oil  Ml.  Washington  and.  consequently,  could  have  exceeded  it 
in  force.  'Hie  ^nst  was  observed  during  a severe  \relie  storm  in  vvliieh  Ihe  site  rxperi- 
eneed  winds  of  I 46  miles  per  hour  or  greater  lor  t hours.  Similar,  though  somewhat 
lesser,  speeds  were  observed  throughout  the  area.  The  l . S.  Air  base  at  Thule  had  a 
speed  of  I 10  miles  per  hour.  High  winds  are  cnminmi  in  this  northwest  (Jreenluiid  area 
due  to  intense  wiiit(‘r  storms  and  loeal  topographic  eomlitions.  Winds  blowing  down 
from  the  dome-shaped  (irceuland  ieeeap  are  aeeelerated  by  gravity  and  by  eompression 
and  fimucliiigas  a resnll  of  the  loeal  orientation  of  nioiintains and  valleys. 

Mivakojima  Island.  Kyukyn  Islands  had  a 
160  inile-per-lionr  peak  gust  and  a 
maximum  wind  s|«red  of  136  miles  per  hour 
1 September  1 066 

These  wind  speeds  were  observed  at  tin*  Mivakojima  Weather  Station  and 
have  been  officially  reported  hv  the  Kvukvn  Meteorological  \geiiey.  Thev  occurred 
during  a typhoon  whose*  maxinnim  wind  /one  passed  over  the*  island.  The  peak  gust  of 
8o. 3 meters  per  second  ( 1 01)  miles  per  boor)  wa>  recorded  at  1)63 1 hours  (6:31  a. in.) 
and  tin*  maximum  wind  of  61  Ml  meters  |H*r  second  ( 1 36  miles  per  hour)  at  073 1 hours 
(7:31  a. in.)?11  The  direction  of  both  was  Northeast.  Mivakojima  is  a small,  flat  island 
located  at  about  2 1°  17' Y 1 23°  I 7 K.  Since  the  record  there  occurred  at  sea  level, 
there  would  have  been  no  reduction  in  the  for-r  of  ft  In*  wind.  Tv  phonos  of  similar 
severity  occur  about  once  or  t w ice  a year  in  lie*  northwest  Pacific  area.214 

Port  Martin,  \iitdrclica,  had 
a 24-hour  mean  wind  speed  of  I OH  miles  per  >»  %nr 
21-22  March  10.11 

a i ft  Illy  w ind  speed  of  61  miles  per  hour 

March  1011 

These  wind  speed*  were  recorded  at  a station  maintained  hv  the  Kxpedi- 
tions  Polaiio  krai  liaises  at  66°  10*S  I I4°2IT.  on  the  const  of  \delic  band  from  Krlm- 
ar\  1 010  to  jaiuiarv  I012.215  The  w ind  ueasicing  inslallalioiis  did  not  fully  comply 
w ilh  international  standard',  being  somewhat  sheltered  hv  snowdrifts,  or  the  values 
would  have  been  sliglillv  higher. 2M’  \\  inds  of  hurricane  toi  ee  (7  l llliie- per  lou.l  or 
greater)  were  recorded  at  the  dalion  on  M)  consecutive  d;;v  s in  March  lOliandon  122 
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I «ki\ > during  ealendar year  Idol.  The  hurrii^me  loree  winds  are  exlremelv  steady  both 

in  their  direel  inn.  south-southeast . and  in  I lit*ir  strength.  wliirli  varies  very  little  and 
;i 1 1| H*ii is  larking  in  normal  ^nstincss.  However.  they  ran  williin  a minute  drop  from  lull 
hurrieanr  strength  to  urar-ralm  and  just  as  suddenly  return.  K\lreme  winds  were  also 
reported  I >\  Maw  sou's  expedition  al  nearby  Cape  Denison.  (>7°  I fS.  I-I2°-1I'K  in  IdU 
ami  I did.21  \ arimis  «k \|  «lan;i  I i<  »ns  of  the  ransrs  of  strong  w inds  in  this  part  of  \nl- 
areliea  have  keen  ad\aneed:2IK  lull  as  yet  the  reasons  for  them  are  not  definitely  estab- 
lished.2|g 


| 
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i\  Dewpoint  (Humidity).  Dewpoint  is  "...  the  temperature  to  wliirli  a 
jliveu  parrel  ol  air  must  he  moled  al  ronslanl  pressure  and  eoiislanl  walervapor  eonlenl 
in  order  lor  salnralion  to  oernr ....  * 220  This  temperature  is  measured  by  instruments 
in  wliirli  a mirror  or  oilier  element  is  roolrd  to  the  saturation  point.  Ili<ih  dewpoints 
indiratr  lii^li  hnmidil) . and  low  dewpoints  indirale  low  humidity.  \ far  as  eonld  he 
aseertained.  there  are  no  aecrplrd  extreme  reeords  of  liijdi  or  low  dewpoints.  The  liijili 
sallies  ran  not  he  higher  Ilian  the  lemperalnre  of  the  hod\  of  water  from  wliirli  the 
vapor  originates.  They  orrm*  in  proximity  to  water  Im ulies  with  hit'll  snrfare  lriii|icra- 
Inres  sneh  as  parts  of  the  ( ini  t of  California.  I he  Red  Sea.  I tie  Persian  0 nil.  and  possibly 
ill  some  tropieal  swamplands. 


\ssab.  Klhiopia.  has 

IU°K 

\vera"e  afternoon  dewpoint  in  June 


The  dewpoint  value  for  \ssah  was  taken  from  a fool  no  e in  a report  by 
V Dodd:221  "...  Itreeiilly  available  dala  furnished  by  the  National  W *alher  Records 
Center  imb  ale  that  verv  lii^la  dew  points  oernr  also  in  the  Red  Sea  littoral.  Assail  and 
nearby  Has  \udah^lie  on  the  Red  Sea  roast  of  Krilrea  (Klhiopia)  had  awrapi*  afternoon 
dew  points  higher  than  H l°Y  . . . . “ 

I.  Fop. 


I . S.  Wist  Coast  highest  average  fo"  Ireipienev 
hours  per  hear 

Cape  Disappointment.  Washington 
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\ . S.  Cast  Coast  highest  average  log  fmpiciicv 
I r>HO  hours  per  year 

Moose  IVak  Lighthouse,  Mistake  Island, 

Maine 

Kog  is  a < loud  a I I lie  surface  of  I lie  earth.  consisting  of  a limit  i hide  of 
in  in  iih*  waler  droplets  suspended  in  1 1 it*  atmosphere;  according  lo  inleriiiilioiiiil  dcfiui* 
lion,  il  rednees  hori/.onlal  \ isi I >i I i l\  helow  I kilometer,  or  0,(i2  miles.222  It  rail  oeenr. 
if  I here  are  sufficient  eondeilsalion  nnelei  present.  whenever  I lie  air  i>  eooled  lo  ils  dew  - 
point  or  the  dew  point  is  raised  by  the  addition  ol  moisture  lo  (he  air.  Kog  oeenrs  most 
often  on  mountains  where  (lie  snrfaee  of  the  earth  is  1 1 i«^l i enough  to  he  in  (lie  elonds 
and  on  ei >as|s  where  land  and  water  temperatures  differ  and  moisture  is  present . The 
reeords  for  Cape  Disiippoinlineiil  and  Moose  IVak  Lighthouse  were  ohlained  from  M.  \. 
Vrkiu  of  the  l . S.  environmental  Data  Service.  They  iire  based  on  fog  signal  operation 
and  on  low  visihihlv  operation  of  radio  heaeons  at  li^li I stations,  lightships,  and  other 
Coast  (iuard  units  during  a period  of  I 0 years  or  longer.  Also,  for  a 4-year  period  at 
\\  illapa.  W ashiuglon.  the  average  was  •I.HCiTi  hours  per  year,  and  for  one  of  those  y ears 
the  total  was  7.6 kit  hours.  Mountain  stations  with  very  freipienl  oeenrreiiees  of  fog  are 
Ml.  Washington.  New  Hampshire,  averaging  4UH  day s a year  on  whieli  lime  is  some  log, 
and  Stampede  I "ass.  Washington,  averaging  27)12  day  s.22*' 

III.  CONCH  SIONS 

6.  Conclusions.  Kroin  the  foregoing  examples  and  disenssions.  several  points 
seem  (o  stand  on! : 

a.  l;or  each  meteorological  and  climatological  element  there  are  eerlain  eon 
dilions  or  eomhinaliuns  of  ( ondilions  that  favor  extreme  values  and  are  most  likelv  lo 
oeenr  w itliiu  parlieiilar  geographical  areas  or  seasons  of  the  y ear:  also,  there  are  upper 
and  lower  limits  of  the  values  I ha  I ran  possibly  oeenr.  The  reeords  shown  on  (lie  world 
and  North  American  maps  appear  to  he  within  (lie  limits  of  possibility  and  to  have 
occurred  ill  places  and  at  limes  in  vvliieh  the  necessary  eondilinns  eould  he  expected. 

I lovvever.  oeenrreiiees  of  eipial  or  greater  extremity  eould  have  happened  a I other  place? 
in  (lie  so n h areas  or  al  other  limes  in  the  same  places  without  Iwing  recorded  or  w ilh 
out  In'ing  publicized.  There  is  no  routine  exchange  of  such  information  between  differ- 
ent countries. 

h.  f or  each  meteorological  and  climatological  element . there  are  factors  of 
site,  instrumentation,  and  observational  procedure  w liicli  can  affect  the  measured  values 
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1 1.  M.  1 .ih!  1 mil.  nfi.  t it. 


To  insure  uniformity  of  measurements.  certain  standardized  equipment  anti  procedures 
an*  recommended  l»\  the  World  Meteorological  Organization.  However.  standardized 
equipment  ran  malfunction  ami  errors  t an  In*  math*  in  observation  ami  recording,  even 
under  standard  procedures,  Further,  improvements  in  the  reliability  of  measurements 
continue  to  he  made  as  knowledge  of  both  technology  and  tin*  physical  environment 
increases.  Some  of  the  earlier  reconls  might  have  different  values  if  measured  with  the 
newest  instruments  and  procedures;  even  now.  extremes  are  sometimes  not  measured 
exactly . or  at  all.  because  they  exceed  the  st  ale  of  standard  meteorological  instruments 
or  their  rate  of  response.224  Tor  these  reasons,  it  is  not  to  be  assumed  that  any  one  of 
the  values  shown  ott  tin*  maps  in  this  report  is  eorreet  to  tin*  tenth  of  a deeimal  place; 
hut  those  for  wliieli  a claim  of  record  extreme  is  made  were  obtained  under  conditions 
that  were  accept  a bit*  to  tilt*  Km  iron  mental  Data  Service. 

e.  Considerable  research  remains  to  be  done  both  on  the  general  subject  of 
extreme  weather  and  climate  and  on  the  records  of  individual  extremes.  There  is  more 
to  he  known  about  tin*  causes  of  extreme  conditions  a>  well  as  their  absolute  limits, 
frequencies,  and  distributions  in  time  and  place.  Further  search  would  yield  additional 
records  of  extremes  which  art*  not  included  tin  the  present  maps. 


